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ABSTRACT
The c e n t r a l  p rob lem  o f  t h i s  s tu d y  was t o  a n sw e r  two 
q u e s t i o n s :  (1) w hat c o g n i t i v e  s k i l l s  a r e  em p h as ized  by  w r i t t e n  
t e s t  i t e m s  c o n s t r u c t e d  by  e i g h t h  g r a d e  s c i e n c e  t e a c h e r s  i n  t h e  
p u b l i c  s c h o o l s  o f  L o u i s i a n a ? ;  and (2) a r e  t h e r e  d i f f e r e n c e s  o f  
em p h as is  on th e  c o g n i t i v e  s k i l l s  when c o m p a r is o n s  a r e  made 
among t e s t  q u e s t i o n s  from t h o s e  t e a c h e r s  b a s e d  on t h e  f o l l o w in g  
t e a c h e r - v a r i a b l e s : ( a )  t e a c h i n g  e x p e r i e n c e ;  (b) a r e a  o f
c e r t i f i c a t i o n ;  (c )  c o l l e g e  d e g r e e ;  (d) s c i e n c e  t e a c h i n g  
e x p e r i e n c e ;  and  (e )  u s e r  o r  n o n - u s e r  o f  m odern  s c i e n c e  c u r r i c u ­
lum p r o j e c t .
T e s t  q u e s t i o n s  w ere  t a k e n  from te a c h e r -m a d e  t e s t s  
o b t a i n e d  from a s t a t e - w i d e  random sam ple  o f  190 s c i e n c e  t e a c h e r s ,  
o r  a p p r o x im a te ly  25 p e r c e n t  o f  t h e  t e a c h e r  p o p u l a t i o n  a t  th e  
d e s i g n a t e d  l e v e l .  U sin g  random number t a b l e s ,  two q u e s t i o n s  w ere  
s e l e c t e d  from ea c h  o f  two t e s t s  o b t a i n e d  from eac h  t e a c h e r .
Seven h u n d re d  and  s i x t y  q u e s t i o n s  formed t h e  s t a t e - w i d e  q u e s t i o n  
sa m p le .  I n f o r m a t io n  on  t h e  t e a c h e r - v a r i a b l e s  was o b t a i n e d  by 
means o f  a q u e s t i o n n a i r e ;  t h e r e  was a 95 p e r c e n t  r e t u r n .
A f iv e -m em b er  p a n e l  o f  e x p e r i e n c e d  s c i e n c e  e d u c a t o r s ,  
w o rk in g  i n d i v i d u a l l y ,  c l a s s i f i e d  th e  sam ple  t e s t  i t e m s  a c c o r d in g  
t o  t h e  s i x  l e v e l s  o f  m e n ta l  s k i l l s  p r e s e n t e d  i n  B loom 's  Taxonomy 
o f  E d u c a t io n a l  O b j e c t i v e s .  Handbook I :  C o g n i t i v e  Domain. F in a l
c l a s s i f i c a t i o n  o f  ea c h  i t e m  was made w h e re  t h r e e  o r  m ore o f  th e  
f i v e  members w ere  i n  a g re e m e n t .
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A h ig h  l e v e l  o f  ag re e m e n t  was o b s e rv e d  i n  t h e  p e r c e n ta g e  
o f  q u e s t i o n s  c l a s s i f i e d  a t  eac h  c o g n i t i v e  l e v e l  by t h e  i n d i v i d u a l  
p a n e l  members. H owever, t h e  d a t a  i n d i c a t e d  t h a t  know ledge ty p e  
q u e s t i o n s  w ere  e a s i e s t  t o  i d e n t i f y  and  lo w e r  l e v e l s  o f  ag re e m e n t  
i n  t h e  c l a s s i f i c a t i o n  o f  q u e s t i o n s  a t  e a c h  s u c c e e d in g ly  h i g h e r  
l e v e l  o f  c o g n i t i o n  w ere  e v i d e n t .
No c o n s i s t e n t  e v id e n c e  was o b s e rv e d  t o  i n d i c a t e  t h a t  
q u e s t i o n s  from more e x p e r i e n c e d  o r  l e s s  e x p e r i e n c e d  t e a c h e r s  
p l a c e  g r e a t e r  o r  l e s s e r  e m p h as is  on t h e  h i g h e r  m e n ta l  s k i l l s .  
T e a c h e r s  i n  eac h  c a t e g o r y  o f  y e a r s  t e a c h i n g  e x p e r i e n c e  p la c e d  
s i m i l a r l y  g r e a t  em p h as is  on t h e  lo w e s t  c o g n i t i v e  l e v e l ,  know ledge .  
The t e a c h e r s ,  r e g a r d l e s s  o f  t h e i r  y e a r s  o f  t e a c h i n g  e x p e r i e n c e ,  
c o l l e g e  d e g r e e s , o r  y e a r s  o f  s c i e n c e  t e a c h i n g  e x p e r i e n c e ,  a s k e d  
q u e s t i o n s  r e q u i r i n g  o n ly  th e  s k i l l s  o f  r e c a l l  i n  75 t o  85 p e r c e n t  
o f  t h e  c a s e s .  A p p ro x im a te ly  f o u r - f i f t h s  o f  t h e  q u e s t i o n s  from 
t e a c h e r s  w i t h  e i t h e r  u p p e r  e l e m e n ta r y  o r  s e c o n d a ry  c e r t i f i c a t i o n  
w ere  t h e  know ledge ty p e  and t h o s e  c o n s t r u c t e d  by t e a c h e r s  w i th  
T - c e r t i f i c a t e s  ( te m p o ra ry  c e r t i f i c a t i o n )  p l a c e d  even  g r e a t e r  
em phasis  on t h e  r e c a l l  o f  i n f o r m a t i o n .
T e a c h e r s  w i t h  s e c o n d a ry  c e r t i f i c a t i o n  a s k e d  s l i g h t l y  more 
co m p re h e n s io n  and  a p p l i c a t i o n  ty p e  q u e s t i o n s  (two p e r c e n ta g e  
p o i n t s )  th a n  d id  t e a c h e r s  w i t h  u p p e r  e l e m e n ta r y  c e r t i f i c a t i o n .  
However, t h e  t e s t  i t e m s  from b o th  u p p e r  e l e m e n ta r y  and  s e c o n d a ry  
t e a c h e r s  f a i l e d  t o  c h a l l e n g e  s t u d e n t s  a t  t h e  h i g h e s t  c o g n i t i v e  
l e v e l s  o f  s y n t h e s i s  and e v a l u a t i o n .
The d a t a  i n d i c a t e d  t h a t  t e a c h e r s  i n  t h e  i n t e r m e d i a t e  
r a n g e s  o f  s c i e n c e  t e a c h i n g  e x p e r i e n c e  (4 -7  y e a r s  and  8 -12  y e a r s )
viii
p l a c e d  g r e a t e r  em p h as is  on a p p l i c a t i o n  and  a n a l y s i s  q u e s t i o n s  
t h a n  d id  t e a c h e r s  i n  t h e  0 -3  y e a r s  c a t e g o r y .
The s tu d y  r e v e a l e d  t h a t  a p p r o x im a te ly  91 p e r c e n t  o f  t h e  
t e a c h e r s  w e re  u s i n g  a s c i e n c e  c u r r i c u lu m  d e s ig n e d  f o r  th e m s e lv e s  
o r  by t h e  l o c a l  s c i e n c e  d e p a r tm e n t  o r  a l o c a l  c u r r i c u lu m  
c o m m it te e .  T h u s ,  a b o u t  9 p e r c e n t  o f  t h e  t e a c h e r s  w e re  u s i n g  one 
o f  t h e  m odern  s c i e n c e  c u r r i c u lu m  p r o j e c t s  t h a t  h av e  been  
r e c o g n i z e d  i n  p r o f e s s i o n a l  p u b l i c a t i o n s .  A c o m p a r is o n  o f  
q u e s t i o n s  from t h e  two g ro u p s  o f  t e a c h e r s  showed t h a t  t e a c h e r s  
who w ere  u s i n g  one o f  t h e  new er c u r r i c u l u m  p r o j e c t s  i n  t h e i r  
t e a c h i n g  a s k e d  more q u e s t i o n s  i n  t h e  c o m p re h e n s io n ,  a p p l i c a t i o n ,  
and  a n a l y s i s  c a t e g o r i e s .  However, r e g a r d l e s s  o f  t h e  c u r r i c u lu m  
u s e d  th e  t e a c h e r s  d id  n o t  p r o v id e  o p p o r t u n i t i e s  i n  t h e  t e s t  
i t e m s  f o r  t h e i r  s t u d e n t s  t o  e x e r c i s e  m e n ta l  s k i l l s  a t  t h e  
h i g h e s t  c o g n i t i v e  l e v e l s .
The number and  p e r c e n ta g e  o f  q u e s t i o n s  c l a s s i f i e d  a t  
e a c h  c o g n i t i v e  l e v e l  from t h e  s t a t e - w i d e  sam ple  w ere  a s  f o l l o w s :  
k n o w led g e ,  617 ( 8 1 .2  p e r c e n t ) ;  c o m p re h e n s io n ,  s i x t y - s i x  ( 8 .7  
p e r c e n t ) ;  a p p l i c a t i o n ,  f o r t y - n i n e  ( 6 .4  p e r c e n t ) ;  a n a l y s i s ,  
f i f t e e n  ( 2 . 0  p e r c e n t ) ;  s y n t h e s i s ,  one ( .1  p e r c e n t ) ;  e v a l u a t i o n ,  




I t  h a s  b e e n  s a i d  t h a t  " t o  q u e s t i o n  w e l l  i s  t o  t e a c h  
w e l l "  ( G r o s s i e r ,  1 9 6 4 :5 ) .  I n d e e d ,  from t h e  t im e  o f  S o c r a t e s ,  
h i s t o r y ' s  g r e a t e s t  t e a c h e r s  h av e  g e n e r a l l y  b een  p e n e t r a t i n g  
q u e s t i o n e r s  ( G r o s s i e r ,  1 9 6 4 ) .
Today t h e  w r i t t e n  t e s t  q u e s t i o n  i s  a w id e ly  u s e d  
p r o c e d u r e  i n  t e a c h i n g ,  and  i t  i s  o f t e n  t h e  o n ly  means o f  
m e a s u r in g  p u p i l  a c h ie v e m e n t .  At f r e q u e n t  i n t e r v a l s  i n  e v e ry  
c l a s s r o o m  a c r o s s  t h i s  n a t i o n  y o u n g s t e r s  a r e  bom barded w i t h  
t e s t  q u e s t i o n s  o f  one k in d  o r  o t h e r .  T h e re  i s  l i t t l e  d o u b t  
t h a t  t h e  t y p e s  o f  q u e s t i o n s  em ployed by  t e a c h e r s  h a v e  an  e f f e c t  
upon  t h e  n a t u r e  and  d e g r e e  o f  l e a r n i n g  e x p e r i e n c e d  by th e  
s t u d e n t s .
The f o l l o w i n g  s t a t e m e n t  r e l e a s e d  by th e  Los A n g e le s  
C i t y  S c h o o ls  (1967) e x p r e s s e s  t h e  s i g n i f i c a n t  im p a c t  t e a c h e r  
q u e s t i o n i n g  h a s  on s t u d e n t  s c i e n c e  i n q u i r y :
E f f e c t i v e  q u e s t i o n i n g  i s  an  im p o r t a n t  key  t o  s c i e n c e  
e x p l o r a t i o n  and  l e a r n i n g .  A c e n t r a l  p a r t  o f  a l l  l e a r n i n g  
a c t i v i t y ,  p a r t i c u l a r l y  o f  s c i e n t i f i c  i n q u i r y ,  i s  t h e  a s k in g  
o f  q u e s t i o n s  by t e a c h e r s  t o  g i v e  p u rp o s e  and d i r e c t i o n  to  
i n v e s t i g a t i o n .  T e a c h e r s '  en co u ra g em en t  and  c u l t i v a t i o n  o f  
th e  u s e  o f  q u e s t i o n i n g  a r e  among t h e  im p o r t a n t  o b j e c t i v e s  
o f  s c i e n c e  i n s t r u c t i o n .  P u p i l s  n eed  t o  u n d e r s t a n d  t h a t  a 
q u e s t i o n i n g  a t t i t u d e  i s  e n c o u ra g e d  . . . and t h a t  q u e s t i o n s  
o f t e n  r e s u l t  i n  e x c i t i n g  e x p l o r a t i o n ,  d i s c o v e r y ,  and o t h e r  
t y p e s  o f  l e a r n i n g .  The t e a c h e r  e s t a b l i s h e s  t h i s  ' l e a r n i n g  
c l i m a t e '  by  a r r a n g i n g  f o r  s i t u a t i o n s  w h ich  s t i m u l a t e  
q u e s t i o n s .  The t e a c h e r s '  t e c h n i q u e s  o f  q u e s t i o n i n g  s e r v e  
a s  m o d e ls  f o r  p u p i l s  a s  t h e y  d e v e lo p  and im prove  t h e i r  
own s k i l l s .
2E d u c a to r s  h av e  lo n g  r e c o g n iz e d  s i g n i f i c a n t  d i f f e r e n c e s  
i n  t h e  ty p e s  o f  q u e s t i o n s  em ployed by t e a c h e r s .  A c c u r a t e  c l u e s  
t o  t h e  k in d  o f  t e a c h i n g  m e thods  b e in g  u s e d  a r e  r e f l e c t e d  i n  th e  
q u e s t i o n s  th e  t e a c h e r  u s e s  i n  m e a s u r in g  s t u d e n t  p r o g r e s s .  Some 
q u e s t i o n s  can  b e  a n sw e re d  w i th  a y e s  o r  no  r e s p o n s e  o r  by 
s u p p ly in g  a m i s s in g  w ord .  O th e r  q u e s t i o n s  m o t i v a t e  t h e  u s e  o f  
v a r i o u s  m e thods  to  f i n d  a n s w e r s .  S t i l l  o t h e r  q u e s t i o n s  r e q u i r e  
t h a t  th e  s t u d e n t  e x e r c i s e  a b ro a d  r a n g e  o f  h i g h e r  m e n ta l  
f a c u l t i e s  i n  s o l v i n g  p ro b lem s  u n d e r  i n v e s t i g a t i o n .
L e a r n in g  how t o  i n v e s t i g a t e  p ro b lem s  and f i n d  a n sw e rs  
s h o u ld  be  an  o b j e c t i v e  o f  h ig h  p r i o r i t y  i n  s c i e n c e  t e a c h i n g .  
T hrough e f f e c t i v e  q u e s t i o n i n g  th e  t e a c h e r  b u i l d s  i n t o  s c i e n c e  
l e s s o n s  and t e s t s  o p p o r t u n i t i e s  f o r  s t u d e n t s  t o  d e v e lo p  th e  
m e n ta l  b e h a v i o r a l  s k i l l s  t h a t  a r e  e s s e n t i a l  i n  e x p l o r i n g  th e  
p ro b lem s  o f  s c i e n c e  (Los A n g e le s  C i t y  S c h o o l s ,  1 9 6 7 ) .
I n  t h e  p r o c e s s  o f  s p e c u l a t i n g  o r  m ak ing  h y p o t h e s e s ,  
p u p i l s  m ust draw on t h e i r  know ledge and  p a s t  e x p e r i e n c e  t o  
a r r i v e  a t  t h e  p r e s e n t  b e s t  a n s w e r s .  The p a r t i c u l a r  p h r a s i n g  
o f  a q u e s t i o n  by th e  t e a c h e r  e i t h e r  opens  o r  c l o s e s  t h e  d o o r  
to  s p e c u l a t i o n .  S tu d e n t s  a r e  l i k e l y  t o  engage  i n  im a g i n a t i v e  
and  c r e a t i v e  t h i n k i n g  when th e y  know t h a t  s p e c u l a t i o n  i s  n o t  
o n ly  p e r m i s s a b l e  b u t  a l s o  d e s i r a b l e .  Q u e s t io n s  c a n  p e r m i t  t h e  
p u p i l s '  r e s p o n s e s ( s p e c u l a t i o n )  t o  l e a d  d i r e c t l y  i n t o  f u r t h e r  
i n v e s t i g a t i o n .  I n  t h i s  m anner t h e  im p o r ta n c e  o f  s c i e n t i f i c  
i n q u i r y  i s  r e f l e c t e d  a s  a n  o u tg ro w th  o f  e f f e c t i v e  t e a c h e r  
q u e s t i o n i n g .
The e x t e n t  t o  w h ich  p u p i l s  a r e  i n v o l v e d  d i r e c t l y  i n  
d i s c o v e r y  i s  o f t e n  d e te rm in e d  by t h e  n a t u r e  o f  t h e  t e a c h e r s '  
q u e s t i o n s .  The q u e s t i o n s  em ployed c a n  em p h a s iz e  t e a c h e r -  
d i r e c t e d  p r o c e d u r e s  to  be  im posed  upon t h e  p u p i l s ,  o r  th e y  
c a n  p r o v id e  o p p o r t u n i t i e s  f o r  p u p i l s  t o  d e c i d e  f o r  th e m s e lv e s  
on w hat fram e o f  r e f e r e n c e  c e r t a i n  o b j e c t s  c a n  b e  e x p l a i n e d .
T e a c h e r s  who l i m i t  t h e i r  t e s t  q u e s t i o n s  t o  who, w h a t ,  
w hen, w h e re ,  l i m i t  t h e  p o s s i b l e  a n s w e rs  t o  p e r s o n ,  f a c t ,  t i m e ,  
o r  p l a c e .  T h is  a p p r o a c h ,  i f  u s e d  e x c l u s i v e l y ,  t e n d s  t o  
r e i n f o r c e  t h e  k in d  o f  l e a r n i n g  w h ich  f a i l s  t o  p e n e t r a t e  beyond  
t h e  l i t e r a l  m ean in g  and  w h ich  d ep en d s  m a in ly  upon t h e  r o t e  
memory p r o c e s s  (S n y d e r ,  1 9 6 3 ) .  The t e s t i n g  g o a l s  t e n d  t o  
d o m in a te  t h e  s t u d e n t s '  l e a r n i n g  g o a l s .
S ta t e m e n t  o f  t h e  p ro b lem
1. What c o g n i t i v e  b e h a v i o r s  a r e  em p h a s iz e d  by t e s t  
q u e s t i o n s  em ployed by s c i e n c e  t e a c h e r s  i n  t h e  p u b l i c  j u n i o r  
h ig h  and  m id d le  s c h o o l s  o f  L o u i s i a n a ?
2 . I s  t h e r e  a d i f f e r e n c e  i n  e m p h a s is  on c o g n i t i v e  
s k i l l s  r e q u i r e d  o f  s t u d e n t s  i n  a n s w e r in g  t e s t  q u e s t i o n s  a s k e d  
by:
a .  T e a c h e r s  w i th  v a r i o u s  c o l l e g e  d e g re e s ?
b .  T e a c h e r s  w i th  v a r y i n g  y e a r s  t e a c h i n g  e x p e r i e n c e ?
c .  T e a c h e r s  w i t h  v a r i o u s  y e a r s  e x p e r i e n c e  t e a c h i n g
s c i e n c e ?
d .  T e a c h e r s  w i th  d i f f e r e n t  a r e a s  o f  c e r t i f i c a t i o n ?
e .  T e a c h e r s  who u s e  one  o f  t h e  m odern  s c i e n c e  
c u r r i c u lu m  p r o j e c t s  and t e a c h e r s  who u s e  t h e i r  own o r  a l o c a l l y  
d e v e lo p e d  c u r r i c u l u m .
D e l i m i t a t i o n  o f  t h e  s tu d y
T h is  s tu d y  in c l u d e d  w r i t t e n  t e s t  q u e s t i o n s  from m a jo r  
t e s t s  t h a t  c o v e re d  m a t e r i a l s  f o r  a t  l e a s t  a s i x  weeks p e r i o d  
and u s e d  by e i g h t h  g r a d e  t e a c h e r s  who t a u g h t  one o r  more s c i e n c e  
c l a s s e s  d u r in g  t h e  1971-72  s c h o o l  y e a r .
DEFINITION OF TERMS
J u n i o r  h ig h  s c h o o l s
T h is  i n c l u d e d  a l l  s c h o o l s  l i s t e d  i n  t h e  L o u i s i a n a  
S c h o o l  D i r e c t o r y  (197 1 -7 2 )  w i t h  g r a d e s  s e v e n  th ro u g h  n i n e  o r  
any c o m b in a t io n  o f  g r a d e s  i n  t h i s  r a n g e  t h a t  i n c lu d e d  g ra d e  
e i g h t .
B lo o m 's  H ie r a r c h y  o f  C o g n i t i v e  S k i l l s
T h i s  i s  a taxonomy o f  e d u c a t i o n a l  o b j e c t i v e s  a r r a n g e d  
from t h e  m ore s im p le  t o  i n c r e a s i n g l y  com plex  m e n ta l  b e h a v i o r s .  
The f o l l o w in g  s i x  l e v e l s  a r e  r e c o g n i z e d  and  d i s c u s s e d  by 
Bloom (1956):
L e v e l  I :  K now ledge. T h i s  i n c l u d e s  t h o s e  b e h a v io r s
w h ich  em p h as ize  w h a t a p u p i l  rem em bers ,  e i t h e r  by r e c o g n i t i o n  
o r  r e c a l l  o f  i d e a s ,  m a t e r i a l s ,  o r  phenom ena. T h i s  l e v e l  i s  
b a s i c  t o  w o rk in g  a t  any  o t h e r  l e v e l .
5L e v e l  I I :  C o m p re h en s io n . T h is  l e v e l  e m p h a s iz e s  a
g r a s p  o f  t h e  m ean ing  and  i n t e n t  o f  a " m a t e r i a l "  ( i . e . ,  a 
com m unica tion  i n  o r a l  o r  w r i t t e n  form , i n  v e r b a l  o r  sym bo lic  
form , o r  i n  c o n c r e t e  fo rm ) .  I t  i n c l u d e s  a p u p i l ' s  a b i l i t y  
t o  t r a n s l a t e ,  i n t e r p r e t ,  o r  e x t r a p o l a t e .
L e v e l  I I I :  A p p l i c a t i o n . The em p h as is  a t  t h i s  l e v e l  
i s  on t h e  s e l e c t i o n  o f  a n  a p p r o p r i a t e  l e a r n i n g  t o  s o l v e  a 
p rob lem  o r  t o  d e a l  w i th  a new s i t u a t i o n .  T h i s  a r e a  d i f f e r s  
from t h a t  o f  c o m p re h e n s io n  i n  t h a t  t h e  p u p i l  m us t s e l e c t  from 
p a s t  l e a r n i n g s  t h e  a p p r o p r i a t e  u n d e r s t a n d i n g  and  p r o c e s s  t o  
r e s o l v e  a p ro b lem  when no mode o f  s o l u t i o n  i s  s p e c i f i e d .
L e v e l  IV: A n a l y s i s . A n a l y s i s  e m p h a s iz e s  t h e  b re a k *
down o f  m a t e r i a l s  i n t o  c o n s t i t u e n t  p a r t s ,  t h e  d e t e c t i o n  o f  
r e l a t i o n s h i p s ,  and  th e  o r g a n i z a t i o n  o f  p a r t s .
L e v e l  V: S y n t h e s i s . T h i s  l e v e l  em p h a s iz e s  c r e a t i v e
b e h a v i o r  i n  t h e  o r g a n i z a t i o n  o f  e l e m e n ts  from a number o f  
s o u r c e s  i n t o  a new s t r u c t u r e .  I n  eac h  c a s e  o f  s y n t h e s i s  t h e r e  
i s  some new way t o  com m unica te  and i t  i s  t h i s  e le m e n t  w h ich  
d i s t i n g u i s h e s  s y n t h e s i s  from t h e  o t h e r  l e v e l s .
L e v e l  V I: E v a l u a t i o n . The e v a l u a t i o n  l e v e l  i n v o l v e s
t h e  m aking o f  v a l u e  ju d g m en ts  a b o u t  p u r p o s e s ,  i d e a s ,  w o rk s ,  
s o l u t i o n s ,  m e th o d s ,  and  m a t e r i a l s .  I t  em ploys th e  u s e  o f  
c r i t e r i a  o r  s t a n d a r d s  f o r  a p p r a i s i n g  t h e  e x t e n t  t o  w h ich  
p a r t i c u l a r s  a r e  a c c u r a t e ,  e f f e c t i v e ,  e c o n o m ic a l ,  o r  s a t i s f y i n g .  
The ju d g m en ts  may b e  q u a l i t a t i v e  o r  q u a n t i t a t i v e ,  and  th e
c r i t e r i a  may b e  e i t h e r  t h o s e  d e te rm in e d  by t h e  p u p i l  o r  th o s e  
w h ich  a r e  p r o v id e d  f o r  h im . E v a l u a t i o n  i s  r e g a r d e d  a s  
r e q u i r i n g  t o  some e x t e n t  a l l  t h e  o t h e r  l e v e l s  o f  b e h a i v o r .  
However, i t  i s  n o t  n e c e s s a r i l y  t h e  l a s t  s t e p  i n  t h i n k i n g  o r  
p rob lem  s o l v i n g .
HYPOTHESIS
T e s t  q u e s t i o n s  em ployed by e i g h t h  g r a d e  s c i e n c e  
t e a c h e r s  i n  L o u i s i a n a  do n o t  c o v e r  t h e  h i g h e r  m e n ta l  s k i l l s  
e m p h as ized  i n  t h e  m odern s c i e n c e  c u r r i c u lu m  p r o j e c t s .
IMPORTANCE OF THE STUDY
T h is  s tu d y  i s  im p o r t a n t  f o r  t h e  f o l lo w in g  r e a s o n s :
1 .  The t e a c h e r s '  t e s t  q u e s t i o n s  r e f l e c t  t h e  t e a c h i n g  
m ethods  and  k in d s  o f  s k i l l s  d ev e lo p m en t em p h as ized  i n  t h e  
c l a s s r o o m .  F u r t h e r ,  t o d a y ' s  m odern s c i e n c e  p rog ram s s t r e s s  
t h e  deve lopm en t o f  h i g h e r  c o g n i t i v e  s k i l l s  among s t u d e n t s .  
T hese  new er s c i e n c e  p r o j e c t s  a r e  d e s ig n e d  t o  p r o v id e  th e  
s t u d e n t  w i th  r i c h  e x p e r i e n c e s  i n  d e f i n i n g  p ro b le m s ,  c r i t i c a l  
t h i n k i n g ,  e v a l u a t i o n s ,  s y s t e m a t i c  o b s e r v a t i o n s ,  a n a l y s i s  o f  
d a t a  and  o t h e r  s k i l l s  i n  m e a n in g fu l  s c i e n t i f i c  i n v e s t i g a t i o n s .  
T h is  s tu d y  w i l l  p r o v id e  e v id e n c e  on t h e  e x t e n t  t o  w h ich  t h e  
p u b l i c  s c h o o l s  o f  L o u i s i a n a  a r e  m e e t in g  th e  c h a l l e n g e  o f  
m odem  s c i e n c e  c u r r i c u l u m  p r o j e c t s  a t  t h i s  l e v e l .
2 .  The f i n d i n g s  c a n  s e r v e  a s  a g u id e  f o r  e d u c a t o r s  
i n  p l a n n in g  w o rk sh o p s ,  c o n f e r e n c e s ,  e v a l u a t i v e  s c h o o l
7V i s i t a t i o n s ,  and  o t h e r  i n - s e r v i c e  t e a c h e r  t r a i n i n g  s e s s i o n s  
d e s ig n e d  t o  s t r e n g t h e n  s c i e n c e  t e a c h i n g  m e th o d s .
3 .  The i n f o r m a t i o n  g a in e d  from t h i s  s tu d y  c a n  a s s i s t  
t e a c h e r  t r a i n i n g  i n s t i t u t i o n s .  The d a t a  w i l l  fo c u s  on f a c t o r s  
t h e s e  i n s t i t u t i o n s  n e e d  t o  c o n s i d e r  a s  m e thods  c o u r s e s  a r e  
p la n n e d  and  e x i s t i n g  p ro g ram s f o r  s c i e n c e  t e a c h e r s  a r e  
e v a l u a t e d .
PROCEDURES USED IN THE STUDY
1. The i d e n t i t y  and  l o c a t i o n  o f  t h e  m id d le  and  j u n i o r  
h i g h  s c h o o l s  in v o l v e d  i n  t h e  s tu d y  w ere  o b t a i n e d  from  t h e  
L o u i s i a n a  S ch o o l D i r e c t o r y  (1 9 7 1 -7 2 )  i s s u e d  by t h e  L o u i s i a n a  
S t a t e  D ep a r tm en t  o f  E d u c a t io n .  W ith  c o o p e r a t i o n  an d  a s s i s t a n c e  
from S t a t e  D ep ar tm en t p e r s o n n e l ,  a th o ro u g h  s e a r c h  o f  a l l  t h e  
a p p r o p r i a t e  A nnual R e p o r t s  on  f i l e  i n  t h e  D ep ar tm en t was 
c o n d u c te d  t o  o b t a i n  t h e  i d e n t i t y  o f  t e a c h e r s  i n  t h e  s t a t e - w i d e  
p o p u l a t i o n  encom passed  by t h e  s t u d y .  Seven  h u n d re d  and e i g h t y -  
n i n e  t e a c h e r s  w ere  i d e n t i f i e d  a s  t e a c h i n g  one o r  m ore e i g h t h -  
g r a d e  c l a s s e s  o f  p h y s i c a l  a n d / o r  b i o l o g i c a l  s c i e n c e s  f o r  t h e  
1971-72  s c h o o l  y e a r .
2 .  A sam ple  o f  two h u n d re d  t e a c h e r s '  nam es, o r  
a p p r o x im a te ly  25 p e r c e n t  o f  t h e  t o t a l  p o p u l a t i o n ,  was s e l e c t e d  
by  r a n d o m i z a t io n .  The name o f  e a c h  t e a c h e r  i n  t h e  t o t a l  
p o p u l a t i o n ,  a lo n g  w i t h  t h e  name and  a d d r e s s  o f  h i s  s c h o o l ,  was 
ty p e d  on a s m a l l ,  r e c t a n g u l a r  s h e e t  o f  p a p e r .  Each s h e e t  o f  
a p p r o x im a te ly  e q u a l  s i z e  was f o ld e d  i n  a s i m i l a r  p a t t e r n  and  
p l a c e d  i n  a l a r g e  c o n t a i n e r .  A f t e r  th o ro u g h  s h u f f l i n g  and
8m i x in g ,  t h e  sam p le  o f  two h u n d re d  names was draw n t o  r e p r e s e n t  
t h e  t o t a l  p o p u l a t i o n .
3 .  A l e t t e r  was m a i l e d  t o  e a c h  t e a c h e r  i n  th e  sam ple  
p o p u l a t i o n  g i v i n g  e s s e n t i a l  i n f o r m a t i o n  c o n c e r n in g  th e  n a t u r e  
and  p r o f e s s i o n a l  u s e  o f  t h e  s tu d y  (S ee  A p p e n d ic e s  A & B ) .
I n  a d d i t i o n ,  e a c h  t e a c h e r  was p r o v id e d  w i t h  a l a r g e ,  s tam p ed ,  
s e l f - a d d r e s s e d  e n v e lo p e  and  r e q u e s t e d  t o  fo rw a rd  c o p i e s  o f  two 
d i f f e r e n t  u n i t ,  s i x  w e e k s ,  s e m e s t e r ,  o r  f i n a l  t e s t s  w h ich  had 
b e e n  c o n s t r u c t e d  and  a d m i n i s t e r e d  to  any  s c i e n c e  c l a s s  w i t h i n  
t h e  p a s t  y e a r .  I t  was e x p l a i n e d  t h a t  t h e s e  te a c h e r -m a d e  t e s t s  
c o u ld  be  i n  any  c o m b in a t io n  o f  t h e  a b o v e ,  and t h a t  th e y  c o u ld  
b e  e i t h e r  u s e d  c o p i e s  w i t h  s t u d e n t  r e s p o n s e s  on  them o r  b la n k  
c o p i e s  from th e  t e a c h e r 's  f i l e .  T e a c h e r s  w ere  g iv e n  a s s u r a n c e  
t h a t  t h e  names o f  s c h o o l s ,  t e a c h e r s  o r  p u p i l s  w ou ld  n o t  b e  
i d e n t i f i e d  and  t h a t  a l l  t e s t s ,  e x c e p t  t h o s e  from t e a c h e r s  
r e q u e s t i n g  t h a t  t h e  t e s t s  be  r e t u r n e d ,  w ou ld  be  d e s t r o y e d  a t  
t h e  c o m p le t i o n  o f  t h e  s t u d y .
4 .  A s i x - i t e m  q u e s t i o n n a i r e  was a l s o  m a i l e d  t o  each  
t e a c h e r  i n  t h e  sam p le  (See  A ppend ix  C) . The t e a c h e r s  w ere  a sk e d  t o  
c h e c k  th e  a p p r o p r i a t e  s p a c e s  on t h i s  q u e s t i o n n a i r e  and  t o
r e t u r n  i t  a lo n g  w i t h  t h e  t e s t s .  T h i s  p r o v id e d  t h e  i n f o r m a t i o n  
r e l a t e d  t o  t h e  c o l l e g e  d e g r e e ,  a r e a  o f  c e r t i f i c a t i o n  and  t e a c h i n g  
e x p e r i e n c e  o f  ea c h  t e a c h e r .  I n  a d d i t i o n ,  t h e  q u e s t i o n n a i r e  
p r o v id e d  f o r  t h e  i d e n t i f i c a t i o n  o f  t h e  k in d  o f  s c i e n c e  c u r r i c u lu m  
ea c h  t e a c h e r  h ad  b e e n  u s i n g  d u r in g  t h e  y e a r .
5 . F o l lo w -u p  l e t t e r s  w e re  m a i l e d  t o  t h o s e  t e a c h e r s  who 
f a i l e d  t o  r e s p o n d  w i t h i n  two weeks f o l l o w i n g  t h e  i n i t i a l  r e q u e s t .
9When t e a c h e r s '  r e s p o n s e s  w ere  n o t  r e c e i v e d  w i t h i n  two w eeks 
f o l l o w i n g  th e  seco n d  r e q u e s t ,  e a c h  p r i n c i p a l  was c o n t a c t e d  by 
t e l e p h o n e .  A 95 p e r c e n t  r e s p o n s e  was o b t a i n e d  from th e  sam p le .
6 .  Two q u e s t i o n s  w ere  s e l e c t e d  from e a c h  o f  t h e  two 
t e s t s  r e c e i v e d  from t h e  one  h u n d re d  and  n i n e t y  t e a c h e r s  who 
r e s p o n d e d .  The i t e m s  on ea c h  t e s t  w e re  r e -n u m b e re d  c o n s e c u ­
t i v e l y  t o  e l i m i n a t e  l e t t e r e d  i t e m s  and s e p a r t e  n u m b e rin g  o f  
i t e m s  i n  d i f f e r e n t  s e c t i o n s .  I t e m s  w ere  s e l e c t e d  th r o u g h  th e  
u s e  o f  random -num ber t a b l e s  p r o v id e d  by  Mouly (1 9 6 3 ) .  Seven 
h u n d re d  and s i x t y  q u e s t i o n s  form ed t h e  s t a t e - w i d e  q u e s t i o n  
sam p le  f o r  t h e  p r e s e n t  s t u d y .
7 .  A f iv e -m em b e r  p a n e l  was c h o s e n  t o  c l a s s i f y  eac h  
sam ple  q u e s t i o n .  The q u a l i f i c a t i o n s  f o r  s e l e c t i o n  to  t h e  
p a n e l  w e re :  (1) r e c o g n i t i o n  i n  t h e  f i e l d  o f  s c i e n c e  e d u c a t i o n
and  (2) th o ro u g h  know ledge  o f  B lo o m 's  Taxonomy.
The f o l lo w in g  p e r s o n s  form ed t h e  p a n e l :  (1) D r. Sam
Adams, P r o f e s s o r  o f  E d u c a t io n  i n  S c ie n c e  and S t a t i s t i c s ,
L o u i s i a n a  S t a t e  U n i v e r s i t y ;  (2) D r. F re d  M. S m ith ,  P r o f e s s o r  
o f  E d u c a t io n  and  D i r e c t o r  o f  t h e  B ureau  f o r  E d u c a t io n a l  
R e s e a r c h ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ;  (3) D r. B a rb a ra  M.
S t r a w i t z ,  A s s o c i a t e  P r o f e s s o r  o f  E d u c a t io n  and  S u p e r v i s o r  o f  
s t u d e n t  t e a c h e r s  i n  s c i e n c e ,  U n i v e r s i t y  H igh S c h o o l ,  L o u i s i a n a  
S t a t e  U n i v e r s i t y ;  (4) D r. S t a n e l y  Shaw, S t a t e  S u p e r v i s o r  o f  
S c i e n c e  and  C o n s e r v a t i o n ,  L o u i s i a n a  S t a t e  D ep a r tm en t  o f  E d u c a t io n ;  
and  (5 )  Dr. C la r e n c e  N e ls o n ,  P r o f e s s o r  o f  S c ie n c e  E d u c a t io n  and 
E d u c a t i o n a l  E v a l u a t i o n ,  O f f i c e  o f  E v a l u a t i o n  S e r v i c e s ,  M ic h ig a n  
S t a t e  U n i v e r s i t y .
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8 .  Each p a n e l  member was p r o v id e d  w i t h  a copy o f  th e  
s t a t e - w i d e  sam ple  o f  t e s t  q u e s t i o n s .  U sing  t h e  s i x  l e v e l s  o f  
m e n ta l  s k i l l s  s e t  f o r t h  i n  B lo o m 's  Taxonomy o f  E d u c a t io n a l  
O b j e c t i v e s ,  Handbook I ;  C o g n i t i v e  Domain a s  t h e  s t r u c t u r e  f o r  
c l a s s i f i c a t i o n ,  p a n e l  members w o rk in g  i n d i v i d u a l l y  c a t e g o r i z e d  
e a c h  i t e m .  The p a n e l i s t s  e n t e r e d  a number i n  t h e  b la n k  sp a c e  
t o  t h e  l e f t  o f  e a c h  i t e m  a c c o r d in g  t o  t h e  f o l l o w i n g  scheme:
(1) Knowledge; (2) C o m p re h en s io n ;  (3) A p p l i c a t i o n ;  (4) A n a l y s i s ;  
(5) S y n t h e s i s ;  and  (6) E v a l u a t i o n .  No f u r t h e r  s u b - c l a s s i f i c a t i o n  
w as r e q u i r e d  (See  A ppend ix  D ) . T h u s ,  eac h  q u e s t i o n  was c l a s s i f i e d  
i n t o  one o f  t h e  b r o a d  l e v e l s  o f  m e n ta l  s k i l l s  i n  t h e  h i e r a r c h y .  
F i n a l  c l a s s i f i c a t i o n  o f  e a c h  t e s t  i t e m ,  h o w e v e r ,  w as made on 
t h e  b a s i s  o f  a s im p le  m a j o r i t y  ( t h r e e  ou t  o f  f i v e )  o f  t h e  p a n e l  
c l a s s i f i c a t i o n s .  I f  t h e r e  w e re  l e s s  t h a n  a m a j o r i t y  ag ree m en t  
on  an  i t e m ,  i t  was i n d i c a t e d  i n  t h e  t r e a t m e n t  o f  t h e  d a t a .
9 .  A p p r o p r i a t e  t a b l e s  w ere  u se d  t o  show c o m p a ra t iv e  
e m p h as is  on t h e  v a r i o u s  m e n ta l  s k i l l s  r e v e a l e d  by t h e  c l a s s i f i ­
c a t i o n  o f  t h e  sam ple  t e s t  i t e m s .  F h r t h e r ,  s e p a r a t e  t a b l e s  w ere  
u s e d  t o  i n d i c a t e  t h e  c o m p a r a t iv e  em phasis  on m e n ta l  s k i l l s
b a s e d  upon  t h e  d e g r e e  h e l d  by t h e  t e a c h e r s ,  a r e a  o f  c e r t i f i c a t i o n ,  
y e a r s  o f  t e a c h i n g  e x p e r i e n c e ,  y e a r s  o f  t e a c h i n g  i n  t h e  s c i e n c e s ,  
and  s c i e n c e  c u r r i c u l u m  u s e d  i n  c o u r s e s .
10 . Some sam p le  t e s t  q u e s t i o n s  r e p r e s e n t a t i v e  o f  ea c h  
o f  t h e  s i x  l e v e l s  o f  l e a r n i n g  w ere  p r e s e n t e d  (See A ppendix  E ) .
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ORGANIZATION OF THE STUDY
C h a p te r  1: I n t r o d u c t i o n
A d i s c u s s i o n  o f  t h e  im p o r t a n t  r o l e  o f  q u e s t i o n i n g  i n  
t e a c h i n g  and  l e a r n i n g  was p r e s e n t e d .  A d e f i n i t i o n  o f  t h e  
p ro b le m , d e l im i t a t i o n  o f  t h e  p ro b le m ,  t h e  h y p o t h e s i s ,  d e f i n i t i o n  
o f  t e rm s ,  im p o r ta n c e  o f  t h e  s tu d y  and  p r o c e d u r e s  u s e d  w ere  
a l s o  g iv e n .
C h a p te r  2: Review o f  L i t e r a t u r e
A re v ie w  o f  a v a i l a b l e  r e s e a r c h  f i n d i n g s  was p r e s e n t e d  
u n d e r  t h r e e  a r e a s :  (1) E v id e n c e  to  s u p p o r t  t h e  p r o c e d u r e  and
u s e  o f  t h e  Taxonomy i n  t h e  s t u d y ;  (2) r e c o g n i t i o n  o f  need ed  
c h a n g e s  i n  s c i e n c e  t e a c h i n g  and  t e s t i n g ;  and  (3 )  r e l a t e d  
s t u d i e s  on  t e a c h e r s '  o r a l  q u e s t i o n i n g  p r a c t i c e s ,  t e a c h e r s '  
w r i t t e n  t e s t  q u e s t i o n s  and  q u e s t i o n s  a p p e a r in g  i n  t e x t b o o k s .
C h a p te r  3: P r e s e n t a t i o n  o f  D ata
A p p r o p r i a t e  t a b l e s  w e re  u s e d  i n  t h i s  c h a p t e r  t o  show 
t h e  em p h asis  on m e n ta l  s k i l l s  r e f l e c t e d  i n  t h e  s t a t e - w i d e  
sam ple  o f  q u e s t i o n s .  T a b le s  show ing  c o m p a r a t iv e  em p h asis  on 
t h e  c o g n i t i v e  s k i l l s  b a s e d  on  t h e  f a c t o r s  o f  t e a c h i n g  e x p e r i e n c e ,  
a r e a  o f  c e r t i f i c a t i o n ,  e x p e r i e n c e  t e a c h i n g  s c i e n c e ,  ty p e  o f  
s c i e n c e  c u r r i c u l u m ,  and c o l l e g e  d e g r e e s  h e l d  by  t h e  t e a c h e r s  
w e re  a l s o  p r e s e n t e d .
C h a p t e r  4 :  Summary o f  F in d in g s  and  C o n c lu s io n s
The im p o r t a n t  f i n d i n g s  i n d i c a t e d  by t h e  d a t a  from eac h  
c a t e g o r y  o f  t h e  s tu d y  w ere  sum m arized . C o n c lu s io n s  w ere  s t a t e d
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o n ly  on t h o s e  p o i n t s  w h e re  d a t a  from t h e  s tu d y  seemed t o  o f f e r  
s u b s t a n t i a l  e v i d e n c e .
Chapter 2
THE REVIEW OF THE LITERATURE
E v id e n c e  S u p p o r t in g  t h e  P ro c e d u r e  and  Use o f  t h e  
Taxonomy i n  T h i s  S tu d y
E d u c a t io n a l  r e s e a r c h e r s  a g r e e  t h a t  t e s t s  c o n s t r u c t e d  
by t e a c h e r s  a r e  a m a jo r  f a c t o r  i n  t h e  e v a l u a t i o n  o f  s t u d e n t s '  
a c h ie v e m e n t .  T e s t  q u e s t i o n s  r e f l e c t  t h e  k i n d s  o f  o b j e c t i v e s  
h e l d  by t h e  t e a c h e r  c o n s t r u c t i n g  them , w h e th e r  t h o s e  o b j e c t i v e s  
a r e  s t a t e d  o r  n o t  ( P f e i f f e r  and  D a v is ,  1 9 6 5 ) .  T h u s ,  s i n c e  
te a c h e r -m a d e  t e s t s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  o b j e c t i v e s  o f  a 
c o u r s e ,  an  a n a l y s i s  o f  t h e  i t e m s  com posing  t h e  t e s t s  by  a p a n e l  
o f  s c i e n c e  e d u c a t r o s ,  w o rk in g  i n d i v i d u a l l y ,  s h o u ld  r e v e a l  t h e  
m e n ta l  s k i l l s  e m p h as ized  by t h e  t e s t s .
I n  a s tu d y  r e p l i c a t e d  by  C legg  and o t h e r s  ( 1 9 6 9 ) ,  i t  
was shown t h a t  a h ig h  l e v e l  o f  a g re e m e n t  c o u ld  be  o b t a i n e d  w i t h i n  
and  b e tw ee n  s e v e r a l  g ro u p s  o f  r a t e r s  i n  c l a s s i f y i n g  t e a c h e r  
q u e s t i o n s  i n t o  c a t e g o r i e s  o r  l e v e l s  o f  m e n ta l  s k i l l s .  T h is  
e v id e n c e  s u g g e s te d  t h a t  t h e  Taxonomy c o u ld  b e  u s e d  a s  a common 
la n g u a g e  i n  e d u c a t i o n  f o r  t h e  c l a s s i f i c a t i o n  o f  c o g n i t i v e  s k i l l s  
r e q u i r e d  o f  s t u d e n t s  when a n s w e r in g  t e a c h e r s '  t e s t  q u e s t i o n s .
One o f  t h e  m a jo r  c r i t i c i s m s  o f  t e a c h i n g  and  t e s t i n g  
p r o c e d u r e s  i n  e d u c a t i o n  h a s  b e e n  t h e  p la c e m e n t  o f  g r e a t  em p h asis  
on t h o s e  a c h ie v e m e n ts  w h ich  a r e  e a s i e s t  t o  m e a s u re .  I n  r e c e n t  
y e a r s  s e v e r a l  a r t i c l e s  h a v e  b e e n  p u b l i s h e d  on t h e  s u b j e c t  o f  
e d u c a t i o n a l  ou tcom es i n  te rm s  o f  b e h a v i o r ,  r a t h e r  th a n  a b s t r a c t i o n s ,
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a s  p r o p o s a l s  t o  overcom e t h i s  c r i t i c i s m .  One su ch  co m m it tee  
o f  s p e c i a l i s t s  i n  e v a l a u t i o n ,  Bloom and a s s o c i a t e s ,  h a s  p r o v id e d  
a c l a s s i f i c a t i o n  sy s te m  f o r  o r g a n i z i n g  e d u c a t i o n a l  o b j e c t i v e s  
w i t h i n  t h e  c o g n i t i v e  domain w h ich  h a s  p ro d u c e d  e v id e n c e  t h a t  i t  
c a n  b e  a p p l i e d  t o  a c t u a l  t e s t  c o n s t r u c t i o n  ( E b e l ,  1 9 6 9 ) .
A l th o u g h  t h e r e  h a v e  b e e n  o t h e r  a p p ro a c h e s  d e v i s e d  f o r  
a n a l y z i n g  and  c l a s s i f y i n g  t e s t  i t e m s ,  B lo o m 's  Taxonomy h a s  
r e c e i v e d  t h e  g r e a t e s t  a t t e n t i o n  and e x p r e s s i o n  o f  c o n f id e n c e  
from r e s e a r c h e r s .  P f e i f f e r  and  D av is  ( 1 9 6 5 ) ,  i n  a s tu d y  o f  
c o g n i t i v e  o b j e c t i v e s  i n  n i n t h  g r a d e  s c i e n c e  e x a m in a t io n s ,  u se d  
t h e  Taxonomy " .  . . t o  d e m o n s t r a te  t h e  u s e f u l n e s s  o f  a p o w e r fu l  
a n a l y t i c  sy s te m ."  Lombard (1965 :33 )  i n  a d i s c u s s i o n  o f  b e t t e r  
c l a s s r o o m  t e s t i n g ,  c o n c lu d e d  t h a t ,  " e v e n  th o u g h  t h e r e  may be 
many ways t o  p r e p a r e  good s c i e n c e  t e s t s ,  few seem t o  o f f e r  a s  
c l e a r  g u id a n c e  a s  t h e  o b j e c t i v e s  i n  t h e  c o g n i t i v e  domain a s  
o u t l i n e d  i n  t h e  Taxonomy o f  E d u c a t io n a l  O b j e c t i v e s ."
S a n d e r s  (1966) u s e d  t h e  l e v e l s  o f  m e n ta l  b e h a v i o r  i n  
B lo o m 's  Taxonomy i n  p r o p o s in g  a " taxonom y o f  q u e s t i o n s . "  I n  
s u p p o r t  o f  t h i s  c o g n i t i v e  a p p ro a c h  i n  c l a s s i f y i n g  q u e s t i o n s ,  
S a n d e r s  (1 9 6 6 :5 )  w r o t e :
A t e a c h e r  who h a s  m a s t e r e d  t h e  taxonomy o f  q u e s t i o n s  
c a n  u s e  i t  i n  a number o f  ways t o  im prove  t h e  i n t e l l e c t u a l  
c l i m a t e  o f  h i s  c l a s s r o o m .  I t  o f f e r s  a means f o r  h im  to  
a n sw er  t h i s  q u e s t i o n :  'Am I  o f f e r i n g  a l l  a p p r o p r i a t e
i n t e l l e c t u a l  e x p e r i e n c e s  i n  my c l a s s r o o m  o r  am I  o v e r ­
e m p h a s iz in g  some and  n e g l e c t i n g  o t h e r s ? '  The an sw er  can  
e a s i l y  b e  found  by c l a s s i f y i n g  t h e  q u e s t i o n s  a s k e d  on 
e x a m in a t io n s ,  homework, and o r a l l y .
I n  an  a n a l y s i s  o f  t h e  e x i s t i n g  s y s te m s  f o r  c l a s s i f y i n g  
e d u c a t i o n a l  o b j e c t i v e s ,  G a l l  (1 9 7 0 :7 1 3 )  c o n c lu d e d ,  " B loom 's
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Taxonomy b e s t  r e p r e s e n t s  t h e  c o m m o n a l i t i e s  t h a t  e x i s t  among 
t h e  s y s t e m s . "
S y l v e s t e r  (1 9 7 1 :6 8 )  a l s o  s u p p o r t e d  t h e  u s e  o f  t h e  
C o g n i t i v e  and A f f e c t i v e  Domains a s  u s e f u l  sy s te m s  i n  t h e  
f o l l o w i n g  s t a t e m e n t :
T hese  two ta x o n o m ie s  o f  e d u c a t i o n a l  o b j e c t i v e s  c o m p r i s e  
o n ly  e l e v e n  m a jo r  c a t e g o r l e a ,  and  y e t  many o f  t h e  a c t i v i t i e s  
i n  o u r  s o c i e t y ' s  fo rm a l  a n d  I n f o r m a l  e d u c a t i o n a l  p r o c e s s  c a n  
b e  subsum ed w i t h i n  t h e s e  c a t e g o r i e s .
I n  a d i s c u s s i o n  o f  c o n s t r u c t i n g  t e s t s  t o  m e a su re  
i n t e l l e c t u a l  s k i l l s ,  S m ith  and  Adams (1 9 6 6 :1 3 1 )  c h o s e  t o  u s e  
t h e  t e rm in o lo g y  and  t h e  s t r u c t u r e  found  I n  t h e  Taxonomy. T h e i r  
c o n f id e n c e  i n  t h e  Taxonomy a s  a n  a d e q u a t e  a p p ro a c h  t o  c l a s s i f i ­
c a t i o n  o f  e d u c a t i o n a l  o b j e c t i v e s  i s  e x p r e s s e d  i n  t h e  f o l l o w i n g  
s t a t e m e n t :
We f e e l  t h a t  o r d e r  and  c o n s i s t e n c y  (one  o f  t h e  o r i g i n a l  
p u rp o s e s  o f  t h e  Taxonomy g ro u p )  a r e  d e s i r a b l e  ends  t o  b e  
p ro m o te d .  S e co n d ,  we f e e l  t h a t  t h e  Taxonomy s a t i s f a c t o r i l y  
m e e ts  t h e  c r i t e r i o n  o f  c o m p le t e n e s s .  P r a c t i c a l l y  a l l  
i n t e l l e c t u a l  s k i l l s  t h a t  t e a c h e r s  w an t  t h e i r  s t u d e n t s  t o  
a c q u i r e  c a n  b e  c l a s s i f i e d  h e r e .
The Taxonomy and o t h e r  c o g n i t i v e  a p p r o a c h e s ,  h o w ev er ,  
h av e  n o t  r e c e i v e d  f u l l  a c c e p t a n c e  from e v e r y  r e s e a r c h e r  i n  
e d u c a t i o n .  G a l l  (1970) was c r i t i c a l  o f  t h e  s y s te m s  on s e v e r a l  
p o i n t s .  She found  t h a t  a t  l e a s t  e l e v e n  c l a s s i f i c a t i o n s  s y s te m s  
h a d  b e e n  p ro p o s e d  i n  r e c e n t  y e a r s  and  t h a t  m o s t  o f  t h e s e  w ere  
composed a lm o s t  c o m p le t e ly  o f  c a t e g o r i e s  b a s e d  on t h e  ty p e  o f  
c o g n i t i v e  p r o c e s s  r e q u i r e d  t o  a n sw e r  t h e  q u e s t i o n .  S p e c i f i c a l l y ,  
G a l l  (1 9 7 0 :7 1 0 )  i n d i c a t e d  t h e  f o l l o w i n g  p o i n t s  a s  w e a k n e s s e s  o f  
t h e  c o g n i t i v e  a p p ro a c h e s  w h ic h  g i v e s  a s u c c i n c t  b u t  c o m p le te  
summary o f  c r i t i c i s m  a p p e a r i n g  i n  t h e  l i t e r a t u r e :
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(1 )  T hese  p r o c e s s e s  a r e  i n f e r e n t i a l  c o n s t r u c t s  and th e y  
c a n n o t  b e  o b s e r v e d  d i r e c t l y .  T h u s ,  i t  i s  n o t  a lw ay s  
p o s s i b l e  t o  know w h e th e r  a s t u d e n t  an sw ered  a p a r t i c u l a r  
q u e s t i o n  by u s i n g  a h ig h  o r  low l e v e l  c o g n i t i v e  p r o c e s s .
(2) The e x i s t i n g  ta x o n o m ie s  c l a s s i f y  q u e s t i o n s  w h ich  c o v e r  
o n ly  a few I m p o r t a n t  e d u c a t i o n a l  o b j e c t i v e s .  T h e s e  a r e  
t h e  t y p e s  o f  q u e s t i o n s  t h a t  t e a c h e r s  a s k  t o  t e s t  th e  
s t u d e n t s '  r e c a l l  o f  i n f o r m a t i o n  o r  t o  c u l t i v a t e  t h e i r  
c r i t i c a l  t h i n k i n g  p r o c e s s e s .  Y e t ,  t h e r e  a r e  s e v e r a l  o t h e r  
w o r th w h i le  o r a l  q u e s t i o n  ty p e s  w h ich  a r e  t r e a t e d  s c a n t i l y ,  
i f  a t  a l l ,  i n  e x i s t i n g  ta x o n o m ie s .  (3) The p r e s e n t  c l a s s i ­
f i c a t i o n  sy s te m s  a r e  d e s ig n e d  p r i m a r i l y  t o  i n v e s t i g a t e  t h e  
t y p e s  o f  q u e s t i o n s  w h ich  t e a c h e r s  a c t u a l l y  u s e  i n  th e  
c l a s s r o o m ,  n o t  t h e  t y p e s  o f  q u e s t i o n s  w h ich  th e y  s h o u ld  
u s e .  (4) T h ese  s y s te m s  s t r e s s  g e n e r a l  q u e s t i o n  t y p e s  r a t h e r  
t h a n  t o  i d e n t i f y  q u e s t i o n s  w h ich  a r e  e f f e c t i v e  f o r  a 
s p e c i f i c  c u r r i c u l u m  an d  c l a s s r o o m  s e t t i n g .  (5) T o d a y 's  
q u e s t i o n - c l a s s i f i c a t l o n  sy s te m s  do n o t  c o n s i d e r  th e  
s i g n i f i c a n c e  o f  q u e s t i o n  s e q u e n c e s  o r ' f o l l o w - u p '  q u e s t i o n s .
A l th o u g h  G a l l  p o i n t e d  o u t  some l i m i t a t i o n s  o f  t h e  Taxonomy 
and  o t h e r  c o g n i t i v e  a p p r o a c h e s ,  o n ly  one  o f  t h e s e  was r e l e v a n t  a s  
a f a c t o r  a f f e c t i n g  th e  v a l i d i t y  o f  t h e  p r e s e n t  s t u d y .  As she  
i n d i c a t e d ,  t h e s e  a r e  i n f e r e n t i a l  c o n s t r u c t s  w h ich  c a n n o t  be  
o b s e rv e d  d i r e c t l y .  I t  i s  n o t  a lw a y s  p o s s i b l e  t o  know w hat l e v e l  
o f  c o g n i t i v e  p r o c e s s  i s  r e q u i r e d  o f  t h e  s t u d e n t  t o  an sw er  a 
p a r t i c u l a r  q u e s t i o n .  To m in im iz e  t h e  p o s s i b l e  e f f e c t s  o f  t h i s  
f a c t o r ,  t h e  r e s e a r c h e r  to o k  t h e  f o l l o w i n g  m e a s u r e s :  (1) s e l e c t e d
members f o r  t h e  c l a s s i f i c a t i o n  p a n e l  who had  e x t e n s i v e  e x p e r i e n c e  
i n  t h e  a r e a  o f  s c i e n c e  and  a th o ro u g h  know ledge o f  t h e  Taxonomy; 
and  (2) i n s t r u c t e d  p a n e l  members t o  b a s e  c l a s s i f i c a t i o n  on t h e  
h i g h e s t  c o g n i t i v e  s k i l l  r e q u i r e d  o f  t h e  s t u d e n t  im p l i e d  i n  t h e  
q u e s t i o n .  T h u s ,  w i t h o u t  knowing t h e  k in d  o f  t e a c h i n g  w h ich  
p r e c e d e d  t h e  t e s t i n g ,  c l a s s i f i c a t i o n s  w ere  b a s e d  on t h e  n a t u r e  
and  i m p l i c a t i o n  o f  e a c h  q u e s t i o n  a s  ju d g e d  by t h e  m a j o r i t y  o f
p a n e l  m em bers.
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R e c o g n i t i o n  o f  Needed C hanges I n  S c ie n c e  T e a c h in g  
and  T e s t i n g
F or s e v e r a l  d e c a d e s  many e d u c a t o r s  h av e  e x p r e s s e d  th e  
d e s i r a b i l i t y  f o r  t h e  k in d  o f  s c i e n c e  e d u c a t i o n  t h a t  w ould  
p r o v id e  f o r  t h e  d e v e lo p m en t  o f  m ore  f l e x i b l e  m e n ta l  s k i l l s  
among s t u d e n t s .  The f o l l o w i n g  s t a t e m e n t  by D av is  (1 9 3 9 :3 7 1 )  
r e f l e c t e d  t h a t  d e s i r e :
The p a s t  y e a r s  h a v e  s e e n  a  d e t e r m in e d  a t t e m p t  by  t h e  
l e a d e r s  i n  t h e  f i e l d  o f  e d u c a t i o n  to w ard  t h e  s u b s t i t u t i o n  
o f  c e r t a i n  b r o a d  a im s o t h e r  t h a n  t h e  t r a d i t i o n a l  t e a c h i n g  
o f  m e m o r iz a t io n  o f  i s o l a t e d  f a c t s .  T e a c h e r s  i n  t r a i n i n g  
and  t e a c h e r s  i n  t h e  f i e l d  h a v e  a l i k e  e x p r e s s e d  t h e i r  i d e a s  
a s  t o  t h e  d e s i r a b i l i t y  o f  m e a s u r in g  t h e s e  new o u tc o m e s .
However, o n ly  s i n c e  t h e  l a u n c h in g  o f  R u s s i a ' s  S p u tn ik  I  
i n  1957, h a s  a v i g o r o u s  e x a m in a t io n  o f  t h e  s t a t u s  o f  s c i e n c e  
t e a c h i n g  i n  t h e  U n i te d  S t a t e s  s p u r r e d  th e  w r i t i n g  o f  num erous 
a r t i c l e s  on  t h e  s u b j e c t  b y  b o t h  e d u c a t o r s  and  laym en a l i k e .
Much o f  t h i s  w r i t i n g  was c o n c e rn e d  w i t h  new s c i e n c e  c u r r i c u l u m  
p r o j e c t s  t h a t  had  b e e n  p r o p o s e d .  The p r o j e c t s  a t t e m p t e d  to  
p r o v id e  a t h r u s t  to w ard  t h e  d e v e lo p m e n t  o f  s c i e n c e  s t u d i e s  as  
sy s te m s  and  p r o c e s s e s  o f  i n q u i r y .  S e v e n ty - s e v e n  m a jo r  p r o j e c t s  
em erged f o r  l e v e l s  from k i n d e r g a r t e n  th ro u g h  t h e  g r a d u a t e  s c h o o l .  
New c u r r i c u l u m  p r o j e c t s  w e re  d e v e lo p e d  i n  b i o l o g y ,  c h e m i s t r y ,  
e a r t h  s c i e n c e ,  p h y s i c a l  s c i e n c e ,  e l e m e n ta r y  s c i e n c e ,  p h y s i c s ,  
and  c o m p u te r  s c i e n c e  and  te c h n o lo g y  (W o lfe ,  1 9 7 0 ) .
W olfe  (1 9 7 0 :7 2 )  e x p l a i n e d  t h a t  many o f  t h e  new p r o j e c t s  
r e p r e s e n t e d  a fu n d a m e n ta l  d e p a r t u r e  from t h e  t r a d i t i o n a l  a p p ro a c h  
i n  s c i e n c e  t e a c h i n g :
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A g u id i n g  p r i n c i p l e  i s  t o  t r e a t  t h e  s c i e n c e s  n o t  a s  
b o d i e s  o f  know ledge  b u t  a s  s y s te m s  o f  i n q u i r y ,  and  t o  
p r e s e n t  phenomena d i r e c t l y  th ro u g h  e x p e r i e n c e s  i n  t h e  
l a b o r a t o r y ,  i n  t h e  f i e l d ,  i n  t h e  c l a s s r o o m ,  and  by f i l m  
and  t e l e v i s i o n .
C h a r a c t e r i s t i c  o f  t h e  new er s c i e n c e  p r o j e c t s  h a s  b een  
t h e  em p h as is  on how t o  l o c a t e  i n f o r m a t i o n  and  i n v e s t i g a t e  
p ro b le m s ,  a s h i f t  from s c i e n c e  a s  s o m e th in g  t o  b e  l e a r n e d  from 
books  t o  s o m e th in g  t h a t  grow s o u t  o f  e x p e r i m e n t a l  d i s c o v e r i e s .
Lombard (1965) r e p o r t e d  t h a t  c l a s s r o o m  t e s t s  a r e  
p r o b a b ly  t h e  m o s t  im p o r t a n t  f a c t o r s  i n  d e t e r m in i n g  t h e  image 
o f  s c i e n c e  t h a t  s t u d e n t s  t a k e  away from t h e i r  r e s p e c t i v e  c o u r s e s .  
He r e a s o n e d  t h a t  i f  s u c c e s s f u l  p e r fo rm a n c e  on t e s t s  d epends  o n ly  
on t h e  m a s t e r y  o f  t h e  s u b j e c t  m a t t e r ,  t e a c h e r s  a r e  p r o b a b ly  
d e f e a t e d  i n  a t t e m p t i n g  t o  make s c i e n c e  a g ro w in g ,  e x c i t i n g ,  
h i g h l y  s p e c u l a t i v e ,  and  i n d i v i d u a l  e n t e r p r i s e .  To q u o te  Lombard 
( 1 9 6 5 :3 3 ) :
I t  i s  o f  l i t t l e  v a l u e  t o  d i s c u s s  t h e  e v id e n c e  g i v i n g  
t h e  a d v a n ta g e s  and  d i s a d v a n t a g e s  o f  t h e  wave v e r s u s  t h e  
p a r t i c l e  m odel o f  l i g h t  i f  t h e  s t u d e n t s  r e a l i z e  t h a t  on 
t h e  n e x t  q u iz  t h e y  w i l l  o n ly  b e  e x p e c te d  t o  'know th e  f a c t s , '  
su c h  a s  t h e  sp e e d  o f  l i g h t ,  how t o  c a l c u l a t e  w a v e le n g th s ,  
and  so  o n .  S in c e  we a r e  f a r  m ore l i k e l y  t o  r e a l i z e  th o s e  
o b j e c t i v e s  t h a t  we c o n s i s t e n t l y  rew ard  and e v a l u a t e ,  i t  i s  
e s s e n t i a l  t o  make them  t h e  o n es  we p r i z e  m o s t  h i g h l y .
Lombard (1 9 6 5 :3 3 )  a l s o  p o i n t e d  o u t  t h a t  m o s t  l i s t s  o f
s c i e n c e  o b j e c t i v e s  h a v e  shown b r o a d  s t a t e m e n t s  s u c h  a s
"d e v e lo p m e n t  o f  a s c i e n t i f i c  a t t i t u d e "  o r  " d e v e lo p m e n t  o f  an
a p p r e c i a t i o n  o f  s c i e n c e . "  He e x p l a i n e d  t h a t  t h e s e  o b j e c t i v e s
m u s t b e  b ro k e n  down i n t o  m ore s p e c i f i c  te rm s  b e f o r e  th e y  w i l l
become f u n c t i o n a l .  F u r th e rm o re ,  t o  e v a l u a t e  t h e  e x t e n t  o f  
a t t a i n m e n t ,  s t u d e n t s  m ust b e  p r e s e n t e d  w i t h  t a s k s  t h e  s o l u t i o n s  
o f  w h ic h  r e q u i r e  t h e  s t a t e d  o b j e c t i v e s .  "We m u st  a k s , "
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s t a t e d  Lombard ( 1 9 6 5 :3 3 ) ,  " i f  he  h a s  a t t a i n e d  t h i s  o b j e c t i v e ,  
w hat s o r t  o f  t h i n g s  w i l l  t h e  s t u d e n t  now b e  a b l e  t o  do o r  w hat 
s o r t  o f  q u e s t i o n s  w i l l  he  be  a b l e  t o  a n s w e r? "
Postm an and  W e in g a r tn e r  (1 9 6 9 :1 9 )  w ere  e x t r e m e ly  
c r i t i c a l  o f  t e a c h e r s '  q u e s t i o n s  and q u e s t i o n i n g  t e c h n i q u e s .
They r e p o r t e d  t h a t  s t u d e n t s  a r e  p r i m a r i l y  r e q u i r e d  t o  b e l i e v e  
i n  a u t h o r i t i e s ,  o r  a t  l e a s t  p r e t e n d  t o  such  b e l i e f  when th e y  
t a k e  t e s t s :
M o s t ly  t h e y  a r e  r e q u i r e d  t o  rem em ber. They a r e  a lm o s t  
n e v e r  r e q u i r e d  t o  make o b s e r v a t i o n s ,  f o r m u l a t e  d e f i n i t i o n s ,  
o r  p e r fo rm  any  i n t e l l e c t u a l  o p e r a t i o n s  t h a t  go beyond  
r e p e a t i n g  w h a t someone e l s e  s a y s  i s  t r u e .  Examine th e  
ty p e s  o f  q u e s t i o n s  t e a c h e r s  a s k  and  you w i l l  f i n d  t h a t  m o s t  
o f  them a r e  w h a t  m ig h t  t e c h n i c a l l y  b e  c a l l e d  'c o n v e r g e n t  
q u e s t i o n s , '  b u t  w h a t m ig h t  m ore s im p ly  be c a l l e d  'G u e ss -  
w h a t - I 'm - t h i n k i n g  q u e s t i o n s . '
Postm an  and  W e in g a r tn e r  (1 9 6 9 :1 9 )  c o n c lu d e d ,  "The s t u d e n t  
i s  c o n s t a n t l y  t r y i n g  t o  s u p p ly  t h e  'R i g h t  A nsw er ' and  i t  d o e s n ' t  
seem to  m a t t e r  i f  t h e  s u b j e c t  i s  E n g l i s h ,  h i s t o r y ,  o r  s c i e n c e ,  
t h e  s t u d e n t s  do t h e  same t h i n g . "
Commenting on t h e  l a c k  o f  e m p h as is  i n  t h e  c o g n i t i v e  a r e a s  
a t  t h e  e l e m e n ta r y  l e v e l  S y l v e s t e r  (1 9 7 1 :6 8 )  o b s e r v e d :
U n f o r t u n a t e l y ,  t h e  e l e m e n ta r y  s c h o o l  p rog ram  o f t e n  expends  
so  much e f f o r t  i n  m e e t in g  t h e  t rem en d o u s  demands o f  t h e  f i r s t  
two l e v e l s  o f  c o g n i t i v e  o b j e c t i v e s  t h a t  i t  g i v e s  o n ly  l i p  
s e r v i c e  t o  t h e  f o u r  s u c c e e d in g  l e v e l s  i n  t h e  h i e r a r c h y .  Y e t ,  
i t  i s  t h i s  l a t t e r  k in d  o f  i n t e l l e c t u a l  a c t i v i t y  t h a t  g i v e s  
m ean ing  to  know ledge and  c o m p re h e n s io n .  I t ' s  a c h a l l e n g i n g  
c o n c e r n  f o r  e l e m e n ta r y  t e a c h e r s .
R e l a t e d  S t u d i e s
G a l l  (1 9 7 0 :7 1 0 )  r e v ie w e d  s t u d i e s  i n  t h e  a r e a  o f  o r a l  
q u e s t i o n i n g  by t e a c h e r s  i n  t h e  c l a s s r o o m .  She found  t h a t  t e a c h e r s '  
q u e s t i o n i n g  p r a c t i c e s  a r e  f a i r l y  c o n s i s t e n t :
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I t  i s  r e a s o n a b l e  t o  c o n c lu d e  t h a t  i n  a h a l f - c e n t u r y  
t h e r e  h a s  b een  no e s s e n t i a l  ch an g e  i n  t h e  t y p e s  o f  q u e s t i o n s  
w hich  t e a c h e r s  em p h as ize  i n  t h e i r  c l a s s r o o m s .  About 60 
p e r c e n t  o f  t e a c h e r s '  q u e s t i o n s  r e q u i r e  s t u d e n t s  t o  t h i n k ;  
and  th e  r e m a in in g  20 p e r c e n t  a r e  p r o c e d u r a l .
A s t u d y  by P f e i f f e r  and D av is  (1965) i n v o lv e d  s e m e s t e r  
e x a m in a t io n s  f o r  a l l  n i n t h  g r a d e  c o u r s e s  d u r in g  t h e  1963-64  
s c h o o l  y e a r  from a j u n i o r  h ig h  s c h o o l  i n  N o r t h e a s t e r n  O h io .
The t e s t s  had  b e e n  p r e p a r e d  by t e a c h e r s  a s  i n d i v i d u a l s  o r  a s  
members o f  c o m m it te e s .  T e s t  i t e m s  w ere  a n a l y z e d  a c c o r d in g  to  
Bloom's Taxonomy o f  E d u c a t io n a l  O b j e c t i v e s :  C o g n i t i v e  Domain.
Each i t e m  on e a c h  t e s t  was c a t e g o r i z e d  i n t o  t h e  h i g h e s t  
a p p r o p r i a t e  c l a s s  o r  s u b c l a s s ;  i t e m  f r e q u e n c i e s  w ere  t a b u l a t e d  
and  p e r c e n t a g e s  w ere  c a l c u l a t e d .
P f e i f f e r  and  D av is  (1965) found  t h a t  i n  t h e  a r e a  o f  g e n e r a l  
s c i e n c e ,  w here  m ost s t u d e n t s  w ere  e n r o l l e d  i n  n o n - c o l l e g e  
p r e p a r a t o r y  p ro g ra m s ,  a b o u t  75 p e r c e n t  o f  t h e  t e s t  i t e m s  r e q u i r e d  
th e  t a s k  o f  a p p l i c a t i o n ,  w h i l e  t h e  r e m a in in g  25 p e r c e n t  a sk e d  
f o r  kno w led g e .  However, t h e  c o l l e g e - p r e p a r a t o r y  s t u d e n t s  t a k i n g  
b i o l o g y  w ere  a s k e d  q u e s t i o n s  100 p e r c e n t  o f  w h ich  r e q u i r e d  t h e  
s k i l l  o f  know ledge o n l y .  To t h e s e  i n v e s t i g a t o r s ,  i t  seemed 
p r o b a b le  t h a t  t h e  p e r c e n t a g e s  i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  
i n  t e a c h i n g  m e thods  among t h e  s c i e n c e  t e a c h e r s  i n  t h i s  s c h o o l .  
However, j u s t  a s  s i g n i f i c a n t  was t h e i r  o b s e r v a t i o n  t h a t  no 
q u e s t i o n s  w ere  a s k e d  t h a t  r e q u i r e d  c o g n i t i v e  s k i l l s  i n  com pre­
h e n s i o n ,  a n a l y s i s ,  s y n t h e s i s ,  o r  e v a l u a t i o n  i n  t h e  g e n e r a l  s c i e n c e  
o r  b io l o g y  c o u r s e s :
The o v e r a l l  l a c k  o f  c o n c e rn  f o r  th e  o b j e c t i v e  i n  th e  a r e a s  
o f  a n a l y s i s ,  s y n t h e s i s ,  and e v a l u a t i o n ,  w h i l e  n o t  u n u s u a l ,  i s  
s u r e l y  d e p r e s s i n g .  I n  a s e n s e ,  t h e s e  j u n i o r  h ig h  s c h o o l
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s t u d e n t s  w ere  I n t e l l e c t u a l l y  d e p r i v e d ,  n o t  h a v in g  th e  
o p p o r t u n i t y ,  a t  l e a s t  on e x a m in a t io n s ,  t o  d e a l  w i t h  much 
o f  t h e  b a s i c  n a t u r e  o f  t h e  c o u r s e s .  T h u s ,  t h e s e  s t u d e n t s  
a c a d e m i c a l l y  a b l e  and  p o t e n t i a l  d r o p o u t s ,  w e re  t r e a t e d  t o  
a s t e a d y  d i e t  o f  b i t s - u p o n - p i e c e s , s p e c i f i c - u p o n - s p e c i f i c . 
O nly  i n  E n g l i s h  a n d ,  f o r  a l i m i t e d  g ro u p  i n  w o r ld  h i s t o r y ,  
d id  s t u d e n t s  h av e  t h e  i n t e l l e c t u a l  c h a l l e n g e  o f  t h e  h i g h e r  
c o g n i t i v e  p r o c e s s e s  ( P f e i f f e r  and  D a v is ,  1 9 6 5 :2 ) .
T i n s l e y  and  D av is  (1971) r e a s o n e d  t h a t  i f  q u e s t i o n s  
u s e d  by t e a c h e r s  c a n  b e  s i g n i f i c a n t  i n  d e v e lo p in g  t h e  c o g n i t i v e  
pow ers o f  s t u d e n t s ,  and i f  a p r im a ry  aim  o f  t h e  s o c i a l  s t u d i e s  
i s  to  d e v e lo p  c r i t i c a l  t h i n k i n g  a b i l i t i e s ,  an  a n a l y s i s  o f  t h e  
q u e s t i o n s  s o c i a l  s t u d i e s  s t u d e n t  t e a c h e r s  p l a n  an d  compose f o r  
i n s t r u c t i o n  c o u ld  be  an  im p o r t a n t  f i r s t  s t e p  i n  h e l p i n g  t e a c h e r  
c a n d i d a t e s  become m ore f u l l y  aw are  o f  w hat th e y  a r e  d o in g .
T hese  r e s e a r c h e r s  c o n d u c te d  an  e x p e r im e n t  i n  p la n n in g  
c o g n i t i v e  o b j e c t i v e s  f o r  i n s t r u c t i o n  i n  g iv e n  l e a r n i n g  s i t u a t i o n s  
and  g r a d e  l e v e l s .  The p r o j e c t  i n v o l v e d  s i x t y - s e v e n  s e c o n d a ry  
s t u d e n t  t e a c h e r s  i n  s o c i a l  s t u d i e s  a t  t h e  U n i v e r s i t y  o f  Texas 
a t  A u s t i n .  S tu d e n t  t e a c h e r s  w ere  random ly  a s s i g n e d  t o  one o f  
f o u r  g ro u p s  i n  w h ich  th e y  r e c e i v e d  w r i t t e n  i n s t r u c t i o n s  f o r  th e  
e x p e r im e n t .  Group One (N«15) was i n s t r u c t e d  t o  compose a t  l e a s t  
f i v e  q u e s t i o n s  t o  g u id e  c l a s s  d i s c u s s i o n  i n  an  e i g h t h  g ra d e  
A m erican  h i s t o r y  c l a s s ;  Group Two (N**17) , f i v e  q u e s t i o n s  f o r  a 
t e s t  i n  e i g h t h  g ra d e  A m erican  h i s t o r y ;  Group T h re e  (N « 1 8 ) , f i v e  
o r  more q u e s t i o n s  t o  g u id e  d i s c u s s i o n  i n  an  e l e v e n t h  g r a d e  
A m erican  h i s t o r y  c l a s s ;  and  Group F ou r  (N -1 7 ) , q u e s t i o n s  f o r  a 
t e s t  i n  e l e v e n t h  g r a d e  A m erican  h i s t o r y  ( T i n s l e y  and  D a v is ,  
1 9 7 1 :6 0 ) .  A sy s tem  was d e v e lo p e d  f o r  r a t i n g  t h e  q u e s t i o n s  
s u b m i t t e d  by t h e  g ro u p s  i n  s i x  c a t e g o r i e s :  Memory, c o n v e rg e n t
t h i n k i n g ,  l o g i c a l  t h i n k i n g ,  d i v e r g e n t  t h i n k i n g ,  and  e v a l u a t i o n .
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The r e s u l t s  o f  t h e  f o r e g o in g  s tu d y  showed t h e  q u e s t i o n s  
p la n n e d  by t h e  s t u d e n t  t e a c h e r s  p la c e d  g r e a t e s t  em p h as is  on 
memory and  e v a l u a t i o n .  Q u e s t io n s  w e re  c h a r a c t e r i z e d  by  l i t t l e  
v a r i e t y  i n  o p p o r t u n i t y  f o r  s t u d e n t  p r a c t i c e  i n  t h e  o t h e r  h i g h -  
l e v e l  c o g n i t i v e  a r e a s ;  n o r  d id  th e y  d e m o n s t r a t e  a d i f f e r e n c e  
i n  t h e  o p p o r t u n i t i e s  p r o v id e d  i n  c l a s s  d i s c u s s i o n  and  t e s t s .  
M o re o v e r ,  no s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  i n  o p p o r t u n i t i e s  
f o r  e x e r c i s i n g  m e n ta l  s k i l l s  b e tw e e n  j u n i o r  and  s e n i o r  h ig h  
s c h o o l  s t u d e n t s  ( T i n s l e y  and D a v is ,  1 9 7 1 :6 2 ) .  W ith  t h e  e x c e p t io n  
o f  e v a l u a t i o n ,  t h e  dom inan t em p h asis  on memory found  i n  th e  
e x p e r im e n t  was s i m i l a r  t o  t h e  r e s u l t s  r e v e a l e d  by o t h e r  r e l a t e d  
s t u d i e s .
C u r t i s  (1 9 4 3 :6 0 )  c o n d u c te d  a s tu d y  o f  th o u g h t  q u e s t i o n s  
found i n  h ig h  s c h o o l  s c i e n c e  t e x t b o o k s .  W ith  t h e  a s s i s t a n c e  o f  
s i x  t e a c h e r s  i n  s e c o n d a ry  s c h o o l  s c i e n c e ,  t h e  i n v e s t i g a t o r  
f o r m u la te d  a c l a s s i f i c a t i o n  sy s te m  b a s e d  upon  s i x t e e n  q u e s t i o n  
t y p e s :  C om parison  and  c o n t r a s t ;  d e c i s i o n  f o r  o r  a g a i n s t ;
a p p l i c a t i o n  o f  f a c t s  o r  p r i n c i p l e s  a l r e a d y  l e a r n e d  i n  new 
s i t u a t i o n s ;  c l a s s i f i c a t i o n ;  r e l a t i o n s h i p s  i n v o l v i n g  c a u s e  and 
e f f e c t ;  exam ple  o r  i l l u s t r a t i o n ;  s t a t e m e n t  o f  a u t h o r s '  a im s o r  
p u rp o s e  i n  th e  s e l e c t i o n  o r  a r r a n g e m e n t  o f  m a t e r i a l s ;  c r i t i c i s m  
o f  t h e  a d e q u a c y ,  c o r r e c t n e s s ,  o r  r e l e v a n c y  o f  a s i t u a t i o n ;  
s t a t e m e n t  o r  d ia g ra m ; i n f e r e n c e  from d a t a ;  d i s c u s s i o n ;  o u t l i n e ;  
e x p l a n a t i o n  o r  d e f i n i t i o n ;  s im p le  r e c a l l ;  summary; o b s e r v a t i o n ;  
and  f o r m u l a t io n  o f  new q u e s t i o n s  ( C u r t i s ,  1 9 4 3 :6 2 -6 3 ) .
Each o f  t h e  s i x  t e a c h e r - i n v e s t l g a t o r s  c l a s s i f i e d  t h e  
th o u g h t  q u e s t i o n s  a p p e a r in g  i n  r e c e n t l y  p u b l i s h e d  t e x tb o o k s  o r
w orkbooks i n  h i s  f i e l d  o f  s p e c i a l i z a t i o n .  A t o t a l  o f  4 4 ,7 2 2  
th o u g h t  q u e s t i o n s  i n  f o r t y - t h r e e  books  r e p r e s e n t i n g  f o u r  common 
f i e l d s  o f  h ig h  s c h o o l  s c i e n c e  w ere  a n a l y z e d  and c l a s s i f i e d .  
C l a s s i f i c a t i o n  o f  a q u e s t i o n  was d e t e r m in e d  when f o u r  o f  th e  
s i x  t e a c h e r - i n v e s t i g a t o r s ,  w o rk in g  i n d i v i d u a l l y ,  gav e  th e  
q u e s t i o n  th e  same ty p e  d e s i g n a t i o n .  The s tu d y  r e v e a l e d  t h a t  
th e  t y p e s  o f  q u e s t i o n s  m ost f r e q u e n t l y  found  i n  t h e  t h i r t y  
t e x tb o o k s  a n a ly z e d  w ere  t h o s e  dem anding r e c a l l  o f  f a c t s ;  t h o s e  
r e q u i r i n g  t h e  p u p i l  t o  g i v e  an  e x p l a n a t i o n  o r  a d e f i n i t i o n ;  
a n d ,  t h o s e  i n v o l v i n g  r e l a t i o n s h i p s .  The t h r e e  t y p e s  c o n s t i t u t e d  
more t h a n  h a l f  t h e  q u e s t i o n s  i n  t h e  t h i r t y  b o o k s .  O th e r  ty p e s  
r e p r e s e n t e d  i n  t h e  t e x tb o o k s  i n v o l v e d  a p p l i c a t i o n  o f  f a c t  o r  
p r i n c i p l e  i n  a new s i t u a t i o n ,  d e c i s i o n ,  d i s c u s s i o n ,  o b s e r v a t i o n ,  
c o m p a r is o n ,  and e x am p le .  The a u t h o r  o f  t h i s  s tu d y  a l s o  found 
t h a t  a c o n s i d e r a b l e  number o f  v a l u a b l e  t y p e s  o f  th o u g h t  q u e s t i o n s  
w ere  em ployed s p o r a d i c a l l y  o r  n o t  a t  a l l .  C u r t i s  (1 9 4 3 :6 7 )  
c o n c lu d e d :
The e v id e n c e  h e r e  p r e s e n t e d  w ou ld  seem t o  j u s t i f y  th e  
c o n c l u s i o n  t h a t  a u t h o r s  o f  t e x tb o o k s  and w orkbooks  i n  th e  
v a r i o u s  f i e l d s  o f  h ig h  s c h o o l  s c i e n c e  a r e  f a i l i n g  t o  make 
s u f f i c i e n t  u s e  i n  t h e i r  books  o f  a c o n s i d e r a b l e  number o f  
v a l u a b l e  t y p e s  o f  q u e s t i o n s  w h ich  s t i m u l a t e  r e f l e c t i v e  
t h i n k i n g .
D avis  and  H unkins  (1 9 6 6 :2 8 5 )  c l a s s i f i e d  t e x tb o o k  q u e s t i o n s
a c c o r d in g  to  B lo o m 's  Taxonomy. O n e - t h i r d  o f  t h e  c h a p t e r s  i n  each
o f  t h r e e  r e c e n t l y  p u b l i s h e d  f i f t h  g r a d e  s o c i a l  s t u d i e s  t e x tb o o k s
w ere  random ly  s e l e c t e d .  A l l  q u e s t i o n s  found  a t  t h e  en d s  o f
c h a p t e r s  w ere  l i s t e d .  Q u e s t io n s  from T ex tb o o k  A, e m p h a s iz in g  a
h i s t o r y  a p p r o a c h ,  t o t a l e d  139; from T ex tb o o k  B, h a v in g  geo g rap h y
e m p h a s i s ,  num bered 350; and  from T ex tb o o k  C, d e s c r i b e d  a s  h a v in g  
a fu s e d  a p p r o a c h ,  243 q u e s t i o n s .
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T h is  s tu d y  r e v e a l e d  t h a t  87 p e r c e n t  ol' t h e  q u e s t i o n s  
came u n d e r  th e  a r e a  o f  know ledge o r  r e c a l l .  A bout 9 p e r c e n t  
o f  t h e  q u e s t i o n s  w ere  c l a s s i f i e d  i n  t h e  c a t e g o r y  o f  com pre­
h e n s i o n ,  and  a p p r o x im a te ly  4 p e r c e n t  c a l l e d  f o r  some l e v e l  o f  
a n a l y s i s  t o  be  m ade. O n ly  t h r e e  q u e s t i o n s  o r  l e s s  th a n  1 
p e r c e n t  o f  t h e  m ore th a n  s e v e n  h u n d re d  q u e s t i o n s  i n c l u d e d  i n  
t h e  s t u d y ,  c o u l d  b e  c l a s s i f i e d  i n  t h e  s y n t h e s i s  and  e v a l u a t i o n  
c a t e g o r i e s  com bined .  To q u o te  t h e  r e s e a r c h e r s :
P e rh a p s  t h e  m os t s u r p r i s i n g  f i n d i n g  o f  a l l  i s  t h a t  t h e  
t h r e e  b o o k s ,  w r i t t e n  a lo n g  d i f f e r e n t  a p p r o a c h e s ,  w e re  so  
s i m i l a r  i n  t h e  c o g n i t i v e  em phases o f  t h e i r  q u e s t i o n s .  Not 
o n ly  w ere  th e y  a l i k e  w i t h  r e s p e c t  t o  an  e m p h as is  on 
k n o w led g e ,  t h e i r  q u e s t i o n s  r e v e a l e d  a r a t h e r  u n i f o r m  n e g l e c t  
o f  t h e  h i g h e r  m e n ta l  o p e r a t i o n s ( D a v i s  and  H u n k in s ,  1 9 6 6 :2 8 7 ) .
The f o r e g o in g  s tu d y  showed a l a r g e  p e r c e n t a g e  o f  
q u e s t i o n s  i n  t h e  g e n e r a l  c a t e g o r y  o f  know ledge w h ich  d id  n o t  
r e v e a l  t h e  im p a c t  o f  t h e  o v e r a l l  e m p h a s i s .  P r o b a b ly  m ore 
s i g n i f i c a n t  was t h a t  o f  a l l  732 q u e s t i o n s ,  78 p e r c e n t  d e a l t  
w i t h  know ledge  o f  s p e c i f i c s ,  w h i l e  m o s t  o f  t h e  q u e s t i o n s  i n  a l l  
books  r e q u i r e d  o n ly  know ledge o f  s p e c i f i c  f a c t s ;  a s m a l l e r  
number demanded know ledge o f  t e rm in o lo g y .  S t i l l  w i t h i n  th e  
know ledge  c a t e g o r y ,  q u e s t i o n s  e m p h a s iz in g  t r e n d s  and se q u e n c e s  
r e p r e s e n t e d  o n ly  5 p e r c e n t  o f  t h e  t o t a l  q u e s t i o n s ,  and  q u e s t i o n s  
dem anding know ledge o f  u n i v e r s a l s  and  a b s t r a c t i o n s  am ounted  to  
o n ly  4 p e r c e n t  o f  a l l  q u e s t i o n s .  The r e s u l t  was a h eav y  
c o n c e n t r a t i o n  o f  q u e s t i o n s  i n  t h e  lo w e s t  c l a s s  o f  t h e  know ledge 
c a t e g o r y  (D av is  and  H u n k in s ,  1 9 6 6 :2 8 8 ) .
S i m i l a r  r e s u l t s  w e re  r e p o r t e d  by  Hedges i n  a s tu d y  t h a t  
in c l u d e d  m id y e a r  e x a m in a t io n s  c o n s t r u c t e d  by  s e l e c t e d  h ig h  
s c h o o l  s c i e n c e  t e a c h e r s  i n  V i r g i n i a  (H edges ,  1 9 6 6 :2 1 ) .
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o f  f o u r t e e n  th o u s a n d  i t e m s  a n a l y z e d ,  78 p e r c e n t  w e re  c o n c e rn e d  
w i t h  r e c a l l  o f  f a c t s .  F u r t h e r  a n a l y s i s  showed t h a t  64 p e r c e n t  
o f  t h e  r e c a l l  i t e m s  r e q u i r e d  o n ly  t h e  s i m p l e s t  form o f  r e c a l l  
i n  t h e  h i e r a r c h y  o f  c l a s s i f i c a t i o n .
SUMMARY
The re v ie w  o f  a v a i l a b l e  r e l a t e d  l i t e r a t u r e  p r o v id e s  
e v id e n c e  f o r  a t  l e a s t  f o u r  g e n e r a l  o b s e r v a t i o n s :  (1) e d u c a t o r s
h av e  f o r  many y e a r s  e x p r e s s e d  a d e s i r e  f o r  t h e  k in d  o f  s c i e n c e  
i n s t r u c t i o n  t h a t  w ou ld  e m p h as ize  t h e  d ev e lo p m en t  o f  h i g h e r  
m e n ta l  s k i l l s  among s t u d e n t s ;  (2) a l a r g e  number o f  new s c i e n c e  
c u r r i c u l u m  p r o j e c t s  h av e  b e e n  d e v e lo p e d  i n  r e c e n t  y e a r s  t o  
p rom ote  t h e  h i g h e r  s k i l l s  o f  s c i e n t i f i c  i n v e s t i g a t i o n  and 
i n q u i r y  among s t u d e n t s ;  (3) a l t h o u g h  a number o f  a p p ro a c h e s  
h a v e  b e e n  p r e s e n t e d  a s  s y s te m s  f o r  c a t e g o r i z i n g  q u e s t i o n s  and  
e d u c a t i o n a l  o b j e c t i v e s  i n t o  v a r i o u s  c o g n i t i v e  l e v e l s ,  B loom 's  
Taxonomy h a s  r e c e i v e d  t h e  w i d e s t  a c c e p t a n c e  from r e s e a r c h e r s  
i n  e d u c a t i o n ;  and  (4) t h e  ty p e s  o f  o r a l  q u e s t i o n s  and  t e s t  
q u e s t i o n s  a s k e d  by t e a c h e r s ,  and q u e s t i o n s  a p p e a r in g  i n  t e x t ­
b o o k s ,  h av e  c o n t in u e d  t o  p l a c e  g r e a t e s t  e m p h as is  on th e  
m e m o r iz a t io n  o f  s u b j e c t  m a t t e r .
Chapter 3
PRESENTATION OF DATA
The c e n t r a l  p ro b lem  o f  t h i s  s tu d y  was to  an sw er  two 
q u e s t i o n s :  (1) w hat c o g n i t i v e  s k i l l s  a r e  em p h as ized  by
w r i t t e n  t e s t  i t e m s  c o n s t r u c t e d  b y  e i g h t h  g r a d e  s c i e n c e  t e a c h e r s  
and (2) a r e  t h e r e  d i f f e r e n c e s  o f  em p h as is  on t h e  c o g n i t i v e  
s k i l l s  when c o m p a r is o n s  a r e  made among t e s t  q u e s t i o n s  from 
t e a c h e r s  b a s e d  on t h e  f o l l o w i n g  t e a c h e r - v a r i a b l e s : ( a )  t e a c h ­
in g  e x p e r i e n c e ;  (b) a r e a  o f  c e r t i f i c a t i o n ;  (c )  c o l l e g e  d e g r e e ;  
(d) s c i e n c e  t e a c h i n g  e x p e r i e n c e ;  and  (e )  u s e r  o r  n o n - u s e r  o f  
m odem  s c i e n c e  c u r r i c u l u m  p r o j e c t s ?
The f o l l o w in g  e n u m e ra t io n s  and  d a t a  w ere  p r e s e n t e d  i n  
t h i s  c h a p t e r  t o  p r o v id e  i n f o r m a t i o n  r e l a t i v e  t o  t h e  s t a t e d  
p ro b lem : (1) r e v ie w  o f  p r o c e d u r e s  u s e d  t o  o b t a i n  s t a t e - w i d e
q u e s t i o n  sa m p le ;  (2) r e v ie w  o f  m e th o d s  u s e d  t o  o b t a i n  q u e s t i o n  
c l a s s i f i c a t i o n s ; (3) p r e s e n t  t a b l e s  g i v i n g  t h e  number and 
p e r c e n ta g e  o f  q u e s t i o n s  a t  e a c h  c o g n i t i v e  l e v e l  a s  d e te rm in e d  
by i n d i v i d u a l  members o f  t h e  c l a s s i f i c a t i o n  p a n e l  and t h e  l e v e l  
o f  a g re e m e n t  on c l a s s i f i c a t i o n  by  t h e  p a n e l  a s  a g ro u p ;  (4) 
p r e s e n t  s e p a r a t e  t a b l e s  show ing c o m p a r a t iv e  d a ta  on t h e  number 
and  p e r c e n t a g e  o f  q u e s t i o n s  a t  eac h  c o g n i t i v e  l e v e l  f o r  each  
o f  t h e  f i v e  t e a c h e r  v a r i a b l e s ;  and  (5) p r e s e n t  d a t a  on t h e  
number and  p e r c e n ta g e  o f  q u e s t i o n s  c l a s s i f i e d  a t  each  c o g n i t i v e
l e v e l  from t h e  t o t a l  sam p le  o f  t e s t  q u e s t i o n s .
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The q u e s t i o n s  w ere  t a k e n  from te a c h e r -m a d e  t e s t s  
o b t a i n e d  from a s t a t e - w i d e  sam p le  o f  s c i e n c e  t e a c h e r s .  Data 
on  f i l e  i n  t h e  L o u i s i a n a  S t a t e  D epartm en t o f  E d u c a t io n  r e v e a l e d  
t h a t  789 t e a c h e r s  w ere  t e a c h i n g  one  o r  more e i g h t h  g r a d e  c l a s s e s  
i n  t h e  s c i e n c e  a r e a  d u r in g  t h e  1971-72  s c h o o l  y e a r .  A sam ple  
o f  two h u n d re d  t e a c h e r s ,  o r  a p p r o x im a te ly  25 p e r c e n t  o f  t h e  
p o p u la t io n ,w a s  c h o s e n  by r a n d o m iz a t io n  t o  b e  r e p r e s e n t a t i v e  o f  
t h e  t o t a l  p o p u l a t i o n .
A p p r o p r i a t e  l e t t e r s  and  o t h e r  i n f o r m a t i v e  m a t e r i a l s  
w ere  m a i l e d  t o  each  t e a c h e r  i n  t h e  sam p le .  Each t e a c h e r  was 
r e q u e s t e d  to  c h e c k  t h e  i t e m s  on th e  q u e s t i o n n a i r e  and  t o  fo rw a rd  
t h i s  and c o p i e s  o f  two d i f f e r e n t  s c i e n c e  t e s t s  th e y  had 
c o n s t r u c t e d  and a d m i n i s t e r e d  to  any  o f  t h e i r  s c i e n c e  c l a s s e s  
w i t h i n  t h e  p a s t  y e a r .  They w e re  i n s t r u c t e d  t o  fo rw a rd  o n ly  
m a jo r  t e s t s  ( i . e .  u n i t ,  s i x  w e e k s ,  s e m e s t e r ,  o r  f i n a l ) .
S u i t a b l e  e n v e lo p e s  and  a d e q u a te  p o s ta g e  was p r o v id e d  f o r  eac h  
t e a c h e r ' s  r e t u r n  m a i l .  By s e n d in g  fo l l o w - u p  l e t t e r s  and 
c o n t a c t i n g  p r i n c i p a l s  by t e l e p h o n e ,  a 95 p e r c e n t  r e s p o n s e  was 
o b t a i n e d  from t h e  t e a c h e r  s a m p le .
Two q u e s t i o n s  w ere  random ly  s e l e c t e d  from eac h  o f  t h e
two t e s t s  o b t a i n e d  from e a c h  o f  th e  190 r e s p o n d e n t s .  T hus ,
760 q u e s t i o n s  formed th e  s t a t e - w i d e  q u e s t i o n  sam ple  f o r  t h e
p r e s e n t  s tu d y .
CLASSIFICATION OF QUESTIONS
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A f iv e -m em b e r  p a n e l  was c h o s e n  t o  c l a s s i f y  t h e  sam ple  
t e s t  i t e m s .  The r e q u i r e m e n t s  f o r  p a r t i c i p a t i o n  on  t h e  p a n e l  
was t h a t  e a c h  m u st  h a v e  e x p e r i e n c e  and  r e c o g n i t i o n  i n  s c i e n c e  
e d u c a t i o n  and  h av e  a n  u n d e r s t a n d i n g  o f  B lo o m 's  Taxonomy o f  
E d u c a t io n a l  O b j e c t i v e s .  Handbook I :  C o g n i t i v e  Domain.
Each p a n e l  member was p r o v id e d  w i t h  a  copy  o f  t h e  sam ple  
t e s t  i t e m s  and  i n s t r u c t e d  t o  c l a s s i f y  e a c h  i t e m  i n t o  one o f  t h e  
s i x  l e v e l s  p r e s e n t e d  i n  t h e  Taxonomy. The m em bers, w o rk in g  
i n d i v i d u a l l y ,  w ere  i n s t r u c t e d  t o  c l a s s i f y  e a c h  i t e m  i n t o  t h e  
h i g h e s t  l e v e l  p o s s i b l e .  F i n a l  c l a s s i f i c a t i o n  o f  an  i t e m  was 
made w h e re  t h r e e  o r  m ore o f  t h e  f i v e  members w e re  i n  a g re e m e n t .
C l a s s i f i c a t i o n  by I n d i v i d u a l  P a n e l i s t s
An a n a l y s i s  o f  q u e s t i o n  c l a s s i f i c a t i o n s  r e v e a l e d  t h a t  a l l  
p a n e l i s t s  p l a c e d  t h e  g r e a t  m a j o r i t y  o f  q u e s t i o n s  a t  t h e  know ledge 
l e v e l .  As shown i n  T a b le  1 ,  c l a s s i f i c a t i o n  o f  q u e s t i o n s  a t  t h e  
r e c a l l  l e v e l  by i n d i v i d u a l  members ra n g e d  from a low o f  563 q u e s ­
t i o n s ,  o r  7 4 .1  p e r c e n t  by  p a n e l i s t  B, t o  a h ig h  o f  635 q u e s t i o n s ,  
o r  8 3 .6  p e r c e n t  s u b m i t t e d  by p a n e l i s t  C. O th e r  p a n e l i s t s  c l a s s i ­
f i e d  r e c a l l  q u e s t i o n s  a s  f o l l o w s :  A, 612 q u e s t i o n s  ( 8 0 .5  p e r c e n t ) ;
0 ,  564 q u e s t i o n s  ( 7 4 .2  p e r c e n t ) ;  and  E , 601 q u e s t i o n s  (7 9 .1  
p e r c e n t ) .  T a b le  1 a l s o  shows t h a t  B p l a c e d  129 q u e s t i o n s  (1 7 .0  
p e r c e n t )  i n  t h e  c o m p re h e n s io n  c a t e g o r y  f o r  t h e  h i g h e s t  p e r c e n ta g e  
a t  t h i s  l e v e l ,  and  C had  f i f t y - o n e  q u e s t i o n s  ( 6 .7  p e r c e n t )  f o r  t h e  
l o w e s t .  P a n e l i s t  E c l a s s i f i e d  n i n e t y - s i x  q u e s t i o n s  (1 2 .7  
p e r c e n t )  a t  t h e  c o m p re h e n s io n  l e v e l ,  fo l lo w e d  by  D w i t h  n i n e t y - f o u r
Table 1
Number and  P e r c e n ta g e  o f  Q u e s t io n s  C l a s s i f i e d  
a t  Each C o g n i t iv e  L e v e l  by I n d i v i d u a l  
P a n e l  Members
C o g n i t iv e












































Knowledge 612 8 0 .5 563 7 4 .1 635 8 3 .6 564 7 4 .2 601 7 9 .1
C om prehension 75 9 .9 129 1 7 .0 51 6 .7 94 1 2 .4 96 1 2 .7
A p p l i c a t i o n 53 7 .0 51 6 .7 37 4 .9 38 5 .0 52 6 .8
A n a ly s i s 18 2 .4 13 1 .7 32 4 .2 6 .8 10 1 .3
S y n th e s i s 2 .2 3 .4 4 .5 0 .0 1 .1
E v a lu a t io n 0 .0 0 .0 1 .1 0 .0 0 .0
U n c l a s s i f i e d 0 .0 1 .1 0 .0 *58 7 .6 0 .0
T o t a l 760 1007. 760 1007. 760 1007. 760 1007. 760 1007
* P an e l  member D c l a s s i f i e d  t h e s e  q u e s t i o n s  a s  1 o r  2 ,  o r  1 o r  3 .  T hese  w ere  c o n s id e r e d  




q u e s t i o n s  ( 1 2 .4  p e r c e n t ) , and  A w i t h  s e v e n t y - f i v e  q u e s t i o n s  
( 9 . 9  p e r c e n t ) .  The number o f  q u e s t i o n s  c l a s s i f i e d  a t  t h e  
a p p l i c a t i o n  l e v e l  a r e  shown a s  f o l l o w s :  P a n e l i s t  A, f i f t y -
t h r e e  q u e s t i o n s  ( 7 . 0  p e r c e n t ) ;  E, f i f t y - t w o  q u e s t i o n s  ( 6 .8  
p e r c e n t ) ;  B, f i f t y - o n e  q u e s t i o n s  ( 6 .7  p e r c e n t ) ;  D, t h i r t y -  
e i g h t  q u e s t i o n s  ( 5 .0  p e r c e n t ) ;  and  p a n e l i s t  C, t h i r t y - s e v e n  
q u e s t i o n s  ( 4 . 9  p e r c e n t ) .
E a s i l y  o b s e r v e d  i n  T a b le  1 i s  a s h a r p  d ro p  i n  th e  number 
o f  q u e s t i o n s  c l a s s i f i e d  a t  t h e  t h r e e  h i g h e s t  l e v e l s  o f  t h e  
c o g n i t i v e  dom ain . P a n e l i s t  C p l a c e d  t h i r t y - t w o  q u e s t i o n s  ( 4 .2  
p e r c e n t )  o f  t h e  sam p le  q u e s t i o n s  i n  t h e  a n a l y s i s  c a t e g o r y  f o r  
t h e  h i g h e s t  num ber a t  t h i s  l e v e l .  P a n e l i s t  A ju d g e d  e i g h t e e n  
q u e s t i o n s  ( 2 . 4  p e r c e n t )  i n  t h e  a n a l y s i s  l e v e l ,  fo l lo w e d  by 
p a n e l i s t  B w i t h  t h i r t e e n  q u e s t i o n s  ( 1 .7  p e r c e n t ) , E w i t h  t e n  
q u e s t i o n s  ( 1 .3  p e r c e n t ) ,  and  D w i t h  s i x  q u e s t i o n s  ( .8  p e r c e n t ) .  
P a n e l i s t  C p l a c e d  f o u r  q u e s t i o n s  ( . 5  p e r c e n t )  a t  t h e  s y n t h e s i s  
l e v e l  f o r  t h e  h i g h e s t  number i n  t h i s  c a t e g o r y ,  and  o n ly  one 
q u e s t i o n  was ju d g e d  t o  c a l l  f o r  e v a l u a t i o n .
The i n d i v i d u a l  p a n e l i s t s  made s p e c i f i c  c l a s s i f i c a t i o n s  o f  
a l l  q u e s t i o n s  w i t h  one  m a jo r  e x c e p t i o n .  P a n e l i s t  D f a i l e d  
t o  make s p e c i f i c  c l a s s i f i c a t i o n s  o f  f i f t y - e i g h t  i t e m s .  These  
i t e m s  a r e  shown i n  T a b le  1 i n  t h e  u n c l a s s i f i e d  c a t e g o r y .
L e v e l s  o f  A greem ent on Q u e s t io n  C l a s s i f i c a t i o n
A s im p le  m a j o r i t y  a g re e m e n t  from t h e  f i v e  p a n e l  members
d e t e r m in e d  t h e  c l a s s i f i c a t i o n  o f  e a c h  t e s t  i t e m .  T a b le  2 ,  ho w ev er ,  
shows t h e  a g re e m e n t  on  c l a s s i f i c a t i o n s  a t  t h r e e  l e v e l s :  (1)
u nan im ous  ( f i v e - o f - f i v e ) ; (2) f o u r - o f - f i v e ;  and  (3) t h r e e - o f - f i v e .
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Table 2
L e v e ls  o f  A greem en t on Q u e s t io n  C l a s s i f i c a t i o n s  
by P a n e l  Members
^ L e v e l s  o f  A greem ent
F i v e - o f - F i v e  F o u r - o f - F i v e  T h r e e - o f - F i v e
A g reed  A g reed  A g reed
C o g n i t i v e
























Knowledge 458 7 4 .3 128 2 0 .9 31 4 . 8
C otqprehension 4 6 .1 24 3 6 .3 38 5 7 .6
A p p l i c a t i o n 6 1 2 .3 18 3 6 .7 25 5 1 .0
A n a l y s i s 0 .0 0 .0 15 100
S y n t h e s i s 0 .0 0 .0 1 100
E v a l u a t i o n 0 .0 0 .0 0 100
T o t a l 468 1007. 170 1007. 110 1007.
*Tw elve q u e s t i o n s  ( 1 .6  p e r c e n t  o f  t o t a l )  r e c e i v e d  l e s s  
th a n  a m a j o r i t y  a g re e m e n t  from t h e  c l a s s i f i c a t i o n  p a n e l .
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C l a s s i f i c a t i o n s  o f  q u e s t i o n s  i n  t h e  know ledge c a t e g o r y  had  
th e  h i g h e s t  l e v e l  o f  a g re e m e n t  from t h e  p a n e l .  Of t h e  617 
q u e s t i o n s  c l a s s i f i e d  i n  t h e  know ledge l e v e l ,  458 q u e s t i o n s  
( 7 4 .3  p e r c e n t )  r e c e i v e d  unan im ous a g re e m e n t ;  128 q u e s t i o n s  
(2 0 .9  p e r c e n t )  r e c e i v e d  t h e  same c l a s s i f i c a t i o n  from f o u r  
o u t  o f  f i v e  p a n e l i s t s ;  and  t h i r t y - o n e  q u e s t i o n s  ( 4 .8  p e r c e n t )  
w ere  c l a s s i f i e d  i n  t h e  know ledge  c a t e g o r y  by t h r e e  o f  th e  f i v e  
p a n e l  m em bers. T h u s ,  i n  o v e r  95 p e r c e n t  o f  t h e  c a s e s  w here  
q u e s t i o n s  w ere  c l a s s i f i e d  i n  t h e  know ledge c a t e g o r y  th e  l e v e l  
o f  a g re e m e n t  among t h e  p a n e l i s t s  was f o u r  o f  f i v e  o r  b e t t e r .
As shown i n  T a b le  2 ,  a g re e m e n t  on c l a s s i f i c a t i o n  o f  
q u e s t i o n s  a t  th e  o t h e r  c o g n i t i v e  l e v e l s  was lo w e r  th a n  a t  t h e  
r e c a l l  l e v e l  o n ly .  F our q u e s t i o n s  ( 6 .1  p e r c e n t )  w ere  ju d g e d  to  
b e  i n  t h e  c o m p re h e n s io n  c a t e g o r y  and r e c e i v e d  unanim ous c l a s s i f i ­
c a t i o n ;  t w e n t y - f o u r  q u e s t i o n s  ( 3 6 .3  p e r c e n t )  w ere  c l a s s e d  a s  t h e  
c o m p re h e n s io n  ty p e  by f o u r  o f  t h e  f i v e  p a n e l i s t s ;  and t h i r t y -  
e i g h t  q u e s t i o n s  ( 5 7 .6  p e r c e n t )  r e c e i v e d  a t h r e e - o f - f i v e  
m a j o r i t y .  A t th e  a p p l i c a t i o n  l e v e l ,  unanim ous ag ree m en t  was 
made on s i x  q u e s t i o n s  ( 1 2 .3  p e r c e n t ) , a f o u r - o f - f i v e  ag ree m en t  
was made on e i g h t e e n  q u e s t i o n s  (3 6 .7  p e r c e n t ) ,  and  t w e n t y - f i v e  
q u e s t i o n s  ( 5 1 .0  p e r c e n t )  w ere  c a t e g o r i z e d  a s  t h e  a p p l i c a t i o n  
ty p e  by  a t h r e e - o f - f i v e  m a j o r i t y .  The f i f t e e n  q u e s t i o n s  (100 
p e r c e n t )  p l a c e d  i n  t h e  a n a l y s i s  c a t e g o r y  w ere  c l a s s i f i e d  a t  t h e  
t h r e e - o f - f i v e  l e v e l  o f  a g re e m e n t .  T h re e  members o f  t h e  c l a s s i ­
f i c a t i o n  p a n e l  a g r e e d  on one q u e s t i o n  a t  t h e  s y n t h e s i s  l e v e l .  
T h e re  w ere  no q u e s t i o n s  r e c o g n i z e d  a t  t h e  e v a l u a t i o n  l e v e l .
Tw elve q u e s t i o n s  ( 1 . 6  p e r c e n t  o f  t h e  t o t a l  sam ple) r e c e i v e d  l e s s
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t h a n  a m a j o r i t y  a g re e m e n t  from t h e  c l a s s i f i c a t i o n  p a n e l  and  
w ere  p la c e d  i n  th e  u n c l a s s i f i e d  s e c t i o n  o f  T a b le  2.
QUESTION CLASSIFICATIONS AND TEACHER VARIABLES
The q u e s t i o n n a i r e s  r e c e i v e d  from t h e  s t a t e - w i d e  sam ple  
o f  t e a c h e r s  w ere  u s e d  t o  i d e n t i f y  and s e p a r a t e  q u e s t i o n s  on th e  
b a s i s  o f  f i v e  t e a c h e r  v a r i a b l e s :  t e a c h i n g  e x p e r i e n c e ,  a r e a  o f
c e r t i f i c a t i o n ,  c o l l e g e  d e g r e e ,  s c i e n c e  t e a c h i n g  e x p e r i e n c e ,  and 
s c i e n c e  c u r r i c u lu m  u s e d  i n  c o u r s e s  (See  A ppend ix  B ) . A p p r o p r i a t e  
t a b l e s  w ere  u s e d  t o  make c o m p a r is o n s  o f  t h e  number and p e r c e n t a g e  
o f  q u e s t i o n s  c l a s s i f i e d  i n t o  e a c h  c o g n i t i v e  l e v e l  o f  t h e  Taxonomy 
w i t h i n  eac h  t e a c h e r - v a r i a b l e  c a t e g o r y .
Q u e s t io n  Types and T e a c h in g  E x p e r ie n c e
The a r e a  o f  t e a c h i n g  e x p e r i e n c e  was d i v i d e d  i n t o  f i v e  
l e v e l s :  0 -3  y e a r s ;  4 -7  y e a r s ;  8 -1 2  y e a r s ;  13 -16  y e a r s ;  and  o v e r
16 y e a r s .  F o l lo w in g  t h e  f i n a l  p h a s e  o f  c l a s s i f i c a t i o n ,  eac h  
q u e s t i o n  was c o u n te d  and g ro u p ed  i n t o  t h e  a p p r o p r i a t e  c a t e g o r y  
o f  t e a c h i n g  e x p e r i e n c e  f o r  t h e  t e a c h e r  who p r e p a r e d  i t  and  th e  
c o g n i t i v e  l e v e l  f o r  w h ich  i t  was c l a s s i f i e d .  T a b le  3 p r e s e n t s  
t h e  c o m p le te  d a t a  on t h e  number and  p e r c e n ta g e  o f  q u e s t i o n s  a t  
t h e  v a r i o u s  c o g n i t i v e  l e v e l s  i n  eac h  c a t e g o r y  o f  t e a c h i n g  
e x p e r i e n c e .  As shown, t h e  4 -7  y e a r s  c a t e g o r y  h ad  191 ( 8 5 .3  
p e r c e n t )  q u e s t i o n s  c l a s s i f i e d  a t  t h e  know ledge l e v e l  f o r  t h e  
h i g h e s t  p e r c e n t a g e  o f  i t e m s  a t  t h i s  l e v e l .  T h i s  was fo l lo w e d  
by  th e  o v e r  16 y e a r s  g ro u p  w i t h  s i x t y - e i g h t  q u e s t i o n s  ( 8 2 .9  
p e r c e n t ) ,  t h e  0 - 3  y e a r s  c a t e g o r y  w i t h  n i n e t y - s i x  q u e s t i o n s  
( 8 0 .0  p e r c e n t ) ,  th e  8 - 1 2  y e a r s  g roup  w i t h  e ig h ty - tw o  q u e s t i o n s
Table 3
Number and Percentage of Questions at Each Cognitive Level
Based on Years of Teaching Experience
C o g n i t iv e
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Knowledge 96 80 191 8 5 .3 82 7 8 .8 180 7 8 .3 6 8 8 2 .9
Com prehension 15 1 2 .5 15 6 .7 5 4 .8 25 10 .9 6 7 .3
A p p l i c a t i o n 5 4 .2 10 4 .4 15 1 4 .5 14 6 .1 5 6 .1
A n a ly s i s 1 .8 5 2 .3 0 .0 6 2 .6 3 3 .7
S y n th e s i s 0 .0 0 .0 0 .0 1 .4 0 .0
E v a lu a t io n 0 .0 0 .0 0 .0 0 .0 0 . 0
U ndeterm ined 3 2 .5 3 1 .3 2 1 .9 4 1 .7 0 . 0
T o ta l 120 1007. 224 1007. 104 1007. 230 1007. 82 100 >;
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( 7 8 .8  p e r c e n t ) ,  and  th e  13-16  y e a r s  c a t e g o r y  w i t h  180 q u e s t i o n s  
( 7 8 .3  p e r c e n t )  c l a s s i f i e d  a t  t h e  know ledge l e v e l .  The 13-16  
y e a r s  t e a c h e r s  had  t h e  lo w e s t  p e r c e n t a g e  o f  know ledge q u e s t i o n s  
I n  t h e  t e a c h i n g  e x p e r i e n c e  c a t e g o r y .
As shown i n  T a b le  3 ,  t e a c h e r s  w i th  0 -3  y e a r s  t e a c h i n g  
e x p e r i e n c e  had  f i f t e e n  q u e s t i o n s  (1 2 .5  p e r c e n t )  c l a s s i f i e d  i n  
t h e  c o m p re h e n s io n  c a t e g o r y  f o r  t h e  h i g h e s t  p e r c e n t a g e  o f  q u e s t i o n s  
a t  t h i s  l e v e l .  The number and  p e r c e n t a g e  o f  c o m p re h en s io n  
q u e s t i o n s  i n  t h e  o t h e r  e x p e r i e n c e  c a t e g o r i e s  w ere  a s  f o l l o w s :
4 -7  y e a r s ,  f i f t e e n  q u e s t i o n s  ( 6 .7  p e r c e n t ) ;  8 -12  y e a r s ,  f i v e  
q u e s t i o n s  ( 4 . 8  p e r c e n t ) ;  13 -1 6  y e a r s ,  t w e n t y - f i v e  q u e s t i o n s  
( 1 0 .9  p e r c e n t ) ;  and  o v e r - 1 6 - y e a r s ,  s i x  q u e s t i o n s  ( 7 .3  p e r c e n t ) .
The g ro u p  o f  t e a c h e r s  w i t h  8 -1 2  y e a r s  t e a c h i n g  e x p e r i e n c e  
c o n t r i b u t e d  f i f t e e n  q u e s t i o n s  a t  t h e  a p p l i c a t i o n  l e v e l  f o r  t h e  
h i g h e s t  p e r c e n ta g e  (1 4 .5  p e r c e n t )  i n  t h i s  c a t e g o r y .  The 13-16  
y e a r s  g ro u p  had  f o u r t e e n  q u e s t i o n s  ( 6 .1  p e r c e n t )  i n  t h e  a p p l i c a t i o n  
c a t e g o r y ,  f o l lo w e d  by t h e  o v e r - 1 6 - y e a r s  g roup  w i t h  f i v e  q u e s t i o n s  
( 6 .1  p e r c e n t ) ,  t h e  4 -7  y e a r s  g ro u p  w i t h  t e n  q u e s t i o n s  ( 4 . 4  p e r c e n t ) ,  
and  t h e  0 -3  y e a r s  g ro u p  w i t h  f i v e  q u e s t i o n s  ( 4 .2  p e r c e n t ) .
A t t h e  c o g n i t i v e  l e v e l  o f  a n a l y s i s ,  th e  o v e r - 1 6 - y e a r s  
g ro u p  c o n t r i b u t e d  t h r e e  q u e s t i o n s ,  o r  3 .7  p e r c e n t  o f  t h e i r  
q u e s t i o n s  i n  t h i s  c a t e g o r y .  T h i s  was fo l lo w e d  by t h e  13-16  y e a r s  
g ro u p  w i t h  s i x  q u e s t i o n s  ( 2 .6  p e r c e n t ) ;  t h e  4 -7  y e a r s  e x p e r i e n c e  
c a t e g o r y  w i t h  f i v e  q u e s t i o n s  ( 2 .3  p e r c e n t ) ;  t h e  0 - 3  y e a r s  g ro u p  
w i t h  one  q u e s t i o n  ( .8  p e r c e n t ) ;  and t h e  8 -1 2  y e a r s  c a t e g o r y  
w h ich  had  none c l a s s i f i e d  a t  t h e  a n a l y s i s  l e v e l .  The 13 -16  y e a r s  
g ro u p  c o n t r i b u t e d  t h e  s i n g l e  q u e s t i o n  c l a s s i f i e d  a t  t h e  s y n t h e s i s
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l e v e l ,  and none  o f  t h e  q u e s t i o n s  I n  t h e  t e s t  sam p le  was p la c e d  
a t  th e  e v a l u a t i o n  l e v e l  by a m a j o r i t y  o f  th e  c l a s s i f i c a t i o n  
p a n e l  members. However, tw e lv e  t e s t  i t e m s  d id  n o t  r e c e i v e  a 
m a j o r i t y  a g re e m e n t  on  c l a s s i f i c a t i o n  from  t h e  p a n e l .  T h ese  
i t e m s  a r e  p r e s e n t e d  i n  T a b le  3 a t  th e  " u n d e te rm in e d "  l e v e l  o f  
c l a s s i f i c a t i o n .
Q u e s t io n  T ypes B ased  on T e a c h e r  C e r t i f i c a t i o n
The a r e a  o f  t e a c h e r  c e r t i f i c a t i o n  was d i v i d e d  i n t o  
f i v e  l e v e l s :  lo w e r  e l e m e n t a r y ,  u p p e r  e l e m e n t a r y ,  s e c o n d a r y ,
te m p o ra ry  ( T - c e r t i f i c a t e - - n o t  c e r t i f i e d ) ,  and  o t h e r s .  The 
sam ple  t e s t  i t e m s  w ere  i d e n t i f i e d  and  g ro u p e d  i n  t h e  a p p r o p r i a t e  
a r e a  o f  t e a c h e r  c e r t i f i c a t i o n  b a s e d  on d a t a  from th e  q u e s t i o n n a i r e  
(S ee  A ppend ix  B ) . As shown i n  T a b le  4 ,  t e s t  q u e s t i o n s  w ere  
f u r t h e r  g ro u p ed  a c c o r d i n g  t o  c o g n i t i v e  l e v e l s  w i t h i n  each  
d i v i s i o n  o f  t e a c h e r  c e r t i f i c a t i o n .  H owever, l a t e r  i n v e s t i g a t i o n  
r e v e a l e d  t h a t  t h e  s t a t e - w i d e  sam ple  in v o l v e d  t e a c h e r s  i n  o n ly  
t h r e e  a r e a s - - u p p e r  e l e m e n t a r y ,  s e c o n d a r y ,  and  te m p o ra ry  c e r t i f i ­
c a t i o n .  T h e r e f o r e ,  a l l  q u e s t i o n s  w ere  n e c e s s a r i l y  g ro u p ed  i n t o  
t h o s e  t h r e e  a r e a s  i n  T a b le  4 .
The u p p e r  e l e m e n ta r y  g ro u p  c o n t r i b u t e d  a t o t a l  o f  309 
q u e s t i o n s .  Two h u n d re d  and  f i f t y - f o u r  (8 2 .2  p e r c e n t )  o f  th o s e  
q u e s t i o n s  w ere  c l a s s i f i e d  a t  t h e  know ledge  l e v e l .  I n  c o m p a r is o n ,  
T a b le  4 shows t h a t  s e c o n d a r y  t e a c h e r s  c o n t r i b u t e d  415 q u e s t i o n s ,  
o f  w h ich  329 ( 7 9 .3  p e r c e n t )  w ere  p l a c e d  a t  t h e  know ledge l e v e l .  
T h i r t y - f o u r  q u e s t i o n s , o r  94 p e r c e n t  o f  t h o s e  c o n s t r u c t e d  by 
t e a c h e r s  w i th  a T - c e r t i f i c a t e ,  w ere  ju d g e d  t o  b e  i n  t h e  know ledge 
c a t e g o r y .
Table 4
Number and Percentage of Questions at Each Cognitive Level
Based on Area of Teacher Certification
A reas  o f  C e r t i f i c a t i o n *
Lower Upper Tem porary
E lem en ta ry  E lem en ta ry  S econdary  ( T - C e r t i f i c a t e )  O th e r s
C o g n i t iv e








































Knowledge 0 .0 254 8 2 .2 329 7 9 .3 34 9 4 .0 0 .0
Comprehension 0 .0 23 7 .5 41 9 .9 2 6 .0 0 .0
A p p l i c a t i o n 0 .0 18 5 .8 31 7 .5 0 .0 0 .0
A n a ly s i s 0 .0 7 2 .3 8 1 .9 0 .0 0 .0
S y n th e s i s 0 .0 1 .3 0 .0 0 .0 0 .0
E v a lu a t io n 0 .0 0 .0 0 .0 0 .0 0 .0
U ndeterm ined 0 .0 6 1 .9 6 1 .4 0 .0 0 .0
T o t a l 0 .0 309 100% 415 100% 36 100% 0 0
* H ig h e s t  l e v e l  was u s e d  w here  a t e a c h e r  was c e r t i f i e d  a t  more th a n  one l e v e l .
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S e c o n d a ry  t e a c h e r s  h a d  f o r t y - o n e  q u e s t i o n s  ( 9 .9  p e r c e n t )  
i n  t h e  c o m p re h e n s io n  c a t e g o r y ,  com pared  t o  t w e n t y - t h r e e  
q u e s t i o n s  ( 7 .5  p e r c e n t )  from  t h e  u p p e r  e l e m e n ta r y  t e a c h e r s ,  
and  two q u e s t i o n s  ( 6 .0  p e r c e n t )  from t h o s e  w i t h  te m p o ra ry  
c e r t i f i c a t e s .  The s e c o n d a ry  g ro u p  had  t h i r t y - o n e  q u e s t i o n s  
( 7 . 5  p e r c e n t )  i n  t h e  a p p l i c a t i o n  c a t e g o r y  com pared t o  e i g h t e e n  
q u e s t i o n s  ( 5 .8  p e r c e n t )  f o r  t h e  u p p e r  e l e m e n ta r y  g ro u p .  T h e re  
w ere  no a p p l i c a t i o n - t y p e  q u e s t i o n s  i n  t h e  o t h e r  a r e a s  o f  
c e r t i f i c a t i o n .  A t t h e  a n a l y s i s  l e v e l ,  t h e  s e c o n d a ry  g ro u p  had  
e i g h t  q u e s t i o n s ,  o r  1 .9  p e r c e n t  o f  t h e  t o t a l  number o f  q u e s t i o n s ,  
and  s e v e n  i t e m s  ( 2 .3  p e r c e n t ) ,  w ere  s u b m i t t e d  by  t h e  u p p e r  
e l e m e n t a r y  g ro u p .  As n o te d  i n  o t h e r  s e c t i o n s  o f  t h i s  p a p e r ,  
none  o f  t h e  q u e s t i o n s  was c l a s s i f i e d  a t  t h e  e v a l u a t i o n  l e v e l ,  
and  o n ly  one i t e m  w as p l a c e d  i n  t h e  s y n t h e s i s  c a t e g o r y .  S ix  
t e s t  i t e m s  from t h e  u p p e r  e l e m e n t a r y  g ro u p  and s i x  from t h e  
s e c o n d a ry  g ro u p  a r e  shown i n  t h e  " u n d e te rm in e d "  c a t e g o r y  o f  
T a b le  A. T h ese  tw e lv e  q u e s t i o n s  d i d  n o t  r e c e i v e  a m a j o r i t y  
a g re e m e n t  on c l a s s i f i c a t i o n  from  t h e  p a n e l  members.
Q u e s t io n  Types B ased  on  t h e  T e a c h e r s '  C o l l e g e  D eg rees
D ata  from e a c h  o f  t h e  q u e s t i o n s  p ro v id e d  t h e  i n f o r m a t i o n
n eed e d  t o  i d e n t i f y  t h e  c o l l e g e  d e g r e e s  h e l d  by t e a c h e r s  i n  th e
s t a t e - w i d e  s a m p le .  The f o l l o w i n g  s i x  l e v e l s  o r  c a t e g o r i e s  w ere
p r o v id e d  on t h e  q u e s t i o n n a i r e  t o  i n s u r e  t h a t  e a c h  t e a c h e r  c o u ld  
a d e q u a t e l y  I d e n t i f y  h i s  c o l l e g e  d e g r e e :  B a c h e lo r  o f  S c ie n c e  o r
B a c h e lo r  o f  A r t s ,  M a s te r s  (M .A ., M .S . ,  o r  M .E d . ) ,  M a s te r s  + 3 0 ,  
D o c to r  o f  P h i lo s o p h y  o f  D o c to r  o f  E d u c a t io n ,  E d u c a t io n  S p e c i a l i s t ,  
an d  O t h e r s .  However, l a t e r  i n v e s t i g a t i o n  r e v e a l e d  t h a t  c o l l e g e
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d e g r e e s  h e l d  by t e a c h e r s  I n  t h e  sam ple  p o p u l a t i o n  w ere  c o n f in e d  
to  j u s t  f o u r  l e v e l s :  B .S .  o r  B .A . ,  M a s t e r s ,  M a s te r s  + 3 0 ,  and
O t h e r s .  T h u s ,  a s  shown I n  T a b le  5t t h e  t e s t  I te m s  w ere  g ro u p ed  
u n d e r  t h o s e  f o u r  c a t e g o r i e s  a t  t h e  a p p r o p r i a t e  c o g n i t i v e  l e v e l s  
o f  c l a s s i f i c a t i o n .
T a b le  5 shows t h a t  t h e  g r e a t  m a j o r i t y  o f  q u e s t i o n s  w ere  
c o n t r i b u t e d  by  t e a c h e r s  w i t h  a B a c h e lo r s  d e g r e e .  Of t h e  f i v e  
h u n d re d  and e l e v e n  q u e s t i o n s  t h a t  came from t h i s  g ro u p ,  418 o r  
8 1 .8  p e r c e n t  w ere  c l a s s i f i e d  a t  t h e  know ledge l e v e l .  T e a c h e r s  
h o l d i n g  a M a s te r s  d e g r e e  s u b m i t t e d  176 q u e s t i o n s  o f  w h ich  141 
( 8 0 .1  p e r c e n t )  w e re  t h e  know ledge t y p e .  The M a s te r s  -I- 30 g roup  
p r o v id e d  f i f t y - t h r e e  q u e s t i o n s  (7 6 .8  p e r c e n t )  f o r  t h e  lo w e s t  
p e r c e n t a g e  o f  q u e s t i o n s  a t  t h i s  l e v e l .  O n ly  f o u r  q u e s t i o n s  
came u n d e r  t h e  O th e r s  c a t e g o r y ,  and  100 p e r c e n t  o f  t h o s e  w ere  
ju d g e d  t o  b e  a t  t h e  r e c a l l  l e v e l .  None o f  t h e  q u e s t i o n s  was 
s u b m i t t e d  by  t e a c h e r s  w i t h  a E d u c a t io n  S p e c i a l i s t ,  D o c to r  o f  
P h i lo s o p h y  o r  D o c to r  o f  E d u c a t io n  d e g r e e .
A t t h e  c o m p re h e n s io n  l e v e l ,  t h e  M a s te r s  + 30 g roup  had  
se v e n  q u e s t i o n s ,  o r  1 0 .2  p e r c e n t  f o r  t h e  h i g h e s t  p e r c e n t a g e .
F o r t y - f i v e  q u e s t i o n s , o r  8 .8  p e r c e n t  o f  t h o s e  c o n t r i b u t e d  by 
t e a c h e r s  w i t h  a B a c h e lo r s  d e g r e e ,  and  f i f t e e n  q u e s t i o n s , o r  
8 . 3  p e r c e n t  o f  t h o s e  s u b m i t t e d  by t e a c h e r s  w i t h  t h e  M a s te r s  
d e g r e e ,w e r e  ju d g e d  t o  b e  i n  t h e  c o m p re h e n s io n  c a t e g o r y .  S ix  
q u e s t i o n s  ( 8 .7  p e r c e n t )  from t h e  M a s te r s  + 30 g ro u p ,  tw e lv e  
q u e s t i o n s  ( 6 . 8  p e r c e n t )  from t h e  M a s te r s  g ro u p ,  an d  t h i r t y - o n e  
q u e s t i o n s  ( 6 . 0  p e r c e n t )  from t h e  B a c h e lo r s  d e g re e  g ro u p  msde up 
t h e  t o t a l  number o f  q u e s t i o n s  c l a s s i f i e d  a t  t h e  a p p l i c a t i o n  l e v e l .
Table 5
Number and Percentage of Questions at Each Cognitive Level
Based on the Highest College Degree Held by the Teacher
D egree H eld  by T ea ch e r  
M a s te rs
C o g n i t iv e
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Knowledge 418 8 1 .8 141 8 0 .1 53 7 6 .8 0 .0 0 .0 4 100
C om prehension 45 8 .8 15 8 .5 7 1 0 .2 0 .0 0 .0 0 .0
A p p l i c a t i o n 31 6 .0 12 6 .8 6 8 .7 0 .0 0 .0 0 .0
A n a ly s i s 10 2 .0 5 2 .9 0 .0 0 .0 0 .0 0 .0
S y n th e s i s 1 .2 0 .0 0 .0 0 .0 0 .0 0 .0
E v a lu a t io n 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
U ndeterm ined 6 1 .2 3 1 .7 3 4 .3 0 .0 0 .0 0 .0
T o ta l 511 100% 176 1007. 69 100% 0 .0 0 .0 4 100%
o
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The M a s t e r ' s  d e g r e e  t e a c h e r s  had  f i v e  q u e s t i o n s  ( 2 .9  p e r c e n t )  
a t  t h e  a n a l y s i s  l e v e l  fo l lo w e d  by t h e  B a c h e lo r s  g ro u p  w i t h  
t e n  q u e s t i o n s  ( 2 . 0  p e r c e n t ) .  None o f  t h e  t e s t  i t e m s  was 
p l a c e d  a t  t h e  e v a l u a t i o n  l e v e l  and o n ly  one  q u e s t i o n  from th e  
t o t a l  sam ple  was c l a s s i f i e d  i n  t h e  s y n t h e s i s  c a t e g o r y .  None 
o f  t h e  s i x t y - n i n e  q u e s t i o n s  from th e  M a s te r s  + 30 g ro u p  was 
c l a s s i f i e d  i n  t h e  l e v e l s  o f  a n a l y s i s ,  s y n t h e s i s ,  o r  e v a l u a t i o n .
Q u e s t io n  Types B ased  on S c ie n c e  T e a c h in g  E x p e r i e n c e
D ata  from t h e  q u e s t i o n n a i r e s  p r o v id e d  t h e  i n f o r m a t i o n  
n e c e s s a r y  t o  i d e n t i f y  q u e s t i o n s  from t e a c h e r s  w i t h  v a r i o u s  y e a r s  
o f  e x p e r i e n c e  t e a c h i n g  s c i e n c e  (See  A ppend ix  B ) . T h i s  c a t e g o r y  
was d i v i d e d  i n t o  f i v e  l e v e l s :  0 -3  y e a r s ,  4 -7  y e a r s ,  8 -12  y e a r s ,
13 -16  y e a r s ,  and  o v e r - 1 6 - y e a r s . As shown i n  T a b le  6 ,  t h e  number 
and  p e r c e n t a g e  o f  q u e s t i o n s  from t h e  s t a t e - w i d e  sam ple  w ere  
g ro u p e d  u n d e r  ea c h  o f  t h e  f i v e  c a t e g o r i e s  a c c o r d in g  t o  t h e  
a p p r o p r i a t e  c o g n i t i v e  l e v e l  o f  c l a s s i f i c a t i o n .  The o v e r - 1 6 - y e a r s  
c a t e g o r y  h ad  f o r t y - e i g h t  o u t  o f  f i f t y - s i x  q u e s t i o n s  (8 5 .7  
p e r c e n t )  p l a c e d  a t  t h e  know ledge  l e v e l .  T h i s  was fo l lo w e d  
c l o s e l y  by t h e  0 -3  y e a r s  g roup  w h ich  h ad  157 o u t  o f  184 q u e s t i o n s ,  
o r  8 5 .3  p e r c e n t ,  i n  t h e  know ledge  c a t e g o r y .  The number and  
p e r c e n t a g e  o f  know ledge  q u e s t i o n s  i n  eac h  o f  t h e  o t h e r  t h r e e  
c a t e g o r i e s  w e re  a s  f o l l o w s :  8 -12  y e a r s  g ro u p ,  174 q u e s t i o n s
( 8 0 .5  p e r c e n t ) ;  4 -7  y e a r s  g ro u p ,  186 q u e s t i o n s  ( 7 8 .8  p e r c e n t ) ;  
and  t h e  13 -16  y e a r s  g ro u p ,  f i f t y - o n e  q u e s t i o n s  ( 7 5 .0  p e r c e n t ) .
The l a t t e r  g ro u p  h ad  t h e  lo w e s t  p e r c e n t a g e  o f  q u e s t i o n s  i n  t h e  
c a t e g o r y  o f  s c i e n c e  t e a c h i n g  e x p e r i e n c e .
Table 6
Number and Percentage of Questions at Each Cognitive Level
Based on Teachers Experience Teaching Science
C o g n i t iv e
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Knowledge 157 8 5 .3 186 7 8 .8 174 8 0 .5 51 7 5 .0 48 8 5 .7
Com prehension 16 8 .7 20 8 .5 14 6 .5 11 1 6 .2 6 1 0 .7
A p p l i c a t i o n 7 3 .8 15 6 .4 20 9 .3 6 8 .8 1 1 .8
A n a ly s i s 1 .6 9 3 .8 5 2 .3 0 .0 0 .0
S y n th e s i s 0 .0 0 .0 1 .5 0 .0 0 .0
E v a lu a t io n 0 .0 0 .0 0 .0 0 .0 0 .0
U n c l a s s i f i e d 3 1 .6 6 2 .5 2 .9 0 .0 1 1 .8
T o t a l 184 100% 236 100% 216 100% 68 100% 56 100%
N>
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T a b le  6 shows t h a t  e l e v e n  o f  t h e  s i x t y - e i g h t  q u e s t i o n s  
( 1 6 .2  p e r c e n t )  c o n t r i b u t e d  by t e a c h e r s  i n  t h e  13 -1 6  y e a r s  
c a t e g o r y  w e re  c l a s s i f i e d  a s  t h e  c o m p re h e n s io n  t y p e .  I n  t h e  
same c a t e g o r y ,  t h e  o v e r - 1 6 - y e a r s  g r o u p  h ad  s i x  q u e s t i o n s  (1 0 .7  
p e r c e n t )  fo l lo w e d  by t h e  0 -3  y e a r s  g ro u p  w i t h  s i x t e e n  q u e s t i o n s  
( 8 .7  p e r c e n t ) ,  t h e  4 -7  y e a r s  g r o u p ,  tw e n ty  q u e s t i o n s  ( 8 .5  p e r c e n t ) ,  
and t h e  8 -1 2  y e a r s  g r o u p ,  f o u r t e e n  q u e s t i o n s  ( 6 . 5  p e r c e n t )  f o r  
t h e  lo w e s t  p e r c e n t a g e  i n  t h e  c o m p re h e n s io n  c a t e g o r y .  I n  th e  
a p p l i c a t i o n  c a t e g o r y ,  t h e  8 -1 2  y e a r s  g ro u p  h ad  tw e n ty  q u e s t i o n s  
( 9 .3  p e r c e n t ) ,  f o l lo w e d  by t h e  13 -1 6  y e a r s  g ro u p  w i t h  s i x  q u e s t i o n s  
( 8 . 8  p e r c e n t ) ,  t h e  4 -7  y e a r s  c a t e g o r y  w i t h  f i f t e e n  q u e s t i o n s  
( 6 . 4  p e r c e n t ) ,  t h e  0 -3  y e a r s  g ro u p  w i t h  s e v e n  ( 3 .8  p e r c e n t ) ,  and 
th e  o v e r - 1 6 - y e a r s  g ro u p  w i t h  o n ly  one a p p l i c a t i o n - t y p e  q u e s t i o n  
( 1 . 8  p e r c e n t ) .  Only t h r e e  c a t e g o r i e s  i n  t h e  s c i e n c e  t e a c h i n g  
e x p e r i e n c e  a r e a  had  q u e s t i o n s  on t h e  a n a l y s i s  l e v e l .  The 4 -7  
y e a r s  g ro u p  had  th e  h i g h e s t  p e r c e n t a g e  o f  a n a l y s i s  q u e s t i o n s  w i th  
n i n e ,  o r  3 .8  p e r c e n t .  The 8 -1 2  y e a r s  g ro u p  had  f i v e  q u e s t i o n s  
( 2 . 3  p e r c e n t ) ,  and  t h e  0 - 3  y e a r s  c a t e g o r y  h ad  one  i t e m  ( .6  p e r c e n t ) .  
None o f  t h e  q u e s t i o n s  w as c l a s s i f i e d  i n  t h e  e v a l u a t i o n  l e v e l ,  and 
o n ly  one  i t e m  q u a l i f i e d  f o r  t h e  s y n t h e s i s  c a t e g o r y .  Twelve 
q u e s t i o n s  f a i l e d  to  r e c e i v e  a m a j o r i t y  a g re e m e n t  o f  c l a s s i f i c a t i o n .  
T h ese  t e s t  i t e m s  a r e  shown i n  T a b le  6 i n  t h e  u n c l a s s i f i e d  s e c t i o n .
Q u e s t io n  T ypes from U sers  and  N on-U sers  o f  M odern S c ie n c e  
C u r r ic u lu m  P r o j e c t s
T e a c h e r s  i n  t h e  sam p le  p o p u l a t i o n  w ere  i d e n t i f i e d  a s  
u s e r s  o r  n o n - u s e r s  o f  m odern  s c i e n c e  c u r r i c u l u m  p r o j e c t s  u s i n g  
d a t a  from th e  q u e s t i o n n a i r e  (S ee  A ppend ix  B ) . The names o f  new er
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s c i e n c e  c u r r i c u l u m  p r o j e c t s  w ere  p ro v id e d  i n  s e c t i o n  s i x  o f  
t h e  q u e s t i o n n a i r e .  T e a c h e r s  w e re  r e q u i r e d  t o  i d e n t i f y  t h e  
p rog ram  th e y  w ere  u s i n g  i n  any  o f  t h e i r  e i g h t h  g r a d e  s c i e n c e  
c o u r s e s  by p l a c i n g  a c h e c k  m ark  i n  t h e  a p p r o p r i a t e  s p a c e .  I n  
s e c t i o n  f i v e  o f  t h e  q u e s t i o n n a i r e ,  t e a c h e r s  w e re  r e q u i r e d  to  
r e s p o n d  t o  t h e  q u e s t i o n :  Do you u s e  a s c i e n c e  c u r r i c u l u m
d e v e lo p e d  by y o u r s e l f ,  y o u r  l o c a l  s c i e n c e  d e p a r t m e n t ,  o r  a l o c a l  
c u r r i c u l u m  co m m it te e ?  T e a c h e r s  i d e n t i f i e d  a s  u s i n g  any  one  o f  
t h e  new er c u r r i c u l u m  p r o j e c t s  w e re  c l a s s i f i e d  a s  " u s e r s " .  The 
" n o n - u s e r s "  w e re  i d e n t i f i e d  a s  t h o s e  t e a c h e r s  u s i n g  a s c i e n c e  
c u r r i c u l u m  d e v e lo p e d  by  th e m s e lv e s  o r  some l o c a l  g ro u p .
As shown i n  T a b le  7 ,  t h e  g r e a t  m a j o r i t y  o f  t e a c h e r s  i n  
t h e  sam ple  was c l a s s i f i e d  i n  t h e  n o n - u s e r s  c a t e g o r y .  T h i s  
g ro u p  c o n t a i n e d  173 o f  th e  190 t e a c h e r s ,  o r  91 p e r c e n t  o f  t h o s e  
in v o l v e d  i n  t h e  s t u d y .  The l a r g e  g ro u p  o f  n o n - u s e r s  had  581 o f  
t h e i r  692 q u e s t i o n s ,  o r  8 4 .0  p e r c e n t ,  c l a s s i f i e d  a t  t h e  know ledge  
l e v e l .  S e v e n te e n  t e a c h e r s  ( 9 .0  p e r c e n t  o f  t h e  t o t a l  sam ple)  w e re  
i d e n t i f i e d  a s  u s e r s  o f  m odern  s c i e n c e  p r o j e c t s .  T h i s  g ro u p  had  
t h i r t y - s i x  o f  s i x t y - e i g h t  ( 5 2 .9  p e r c e n t )  o f  t h e i r  q u e s t i o n s  
p l a c e d  i n  t h e  know ledge  c a t e g o r y  f o r  a much lo w e r  p e r c e n t a g e .
The u s e r s  g ro u p  c o n t r i b u t e d  e i g h t  q u e s t i o n s  ( 1 1 .8  p e r c e n t )  a t  
t h e  co m p re h e n s io n  l e v e l  com pared  w i t h  t h e  n o n - u s e r s  g ro u p  w h ich  
h a d  f i f t y - e i g h t  q u e s t i o n s  ( 8 . 4  p e r c e n t ) .  T a b le  7 shows a n o t h e r
m arked  d i f f e r e n c e  b e tw e e n  t h e  two g ro u p s  i n  t h e  p e r c e n t a g e  o f  
q u e s t i o n s  c l a s s i f i e d  a t  t h e  a p p l i c a t i o n  l e v e l :  The u s e r s  had
e i g h t e e n  q u e s t i o n s  (2 6 .5  p e r c e n t )  com pared  w i t h  t h e  n o n - u s e r s  
g ro u p  w h ich  h a d  t h i r t y - o n e  q u e s t i o n s  ( 4 .5  p e r c e n t ) .  A s i m i l a r
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Tabic 7
Number and P e r c e n t a g e  o f  Q u e s t io n s  o f  Each C o g n i t i v e  L ev e l 
From U se rs  and  N o n-U sers  o f  Modern S c ie n c e  C u r r ic u lu m  P r o j e c t s
U se rs  N on-U sers
C o g n i t i v e
















Knowledge 36 5 2 .9 581 8 4 .0
C o a p re h e n s io n 8 1 1 . 8 58 8 .4
A p p l i c a t i o n 18 2 6 .5 31 4 . 5
A n a l y s i s 5 7 .3 1 0 1 .4
S y n t h e s i s 0 . 0 1 . 1
E v a l u a t i o n 0 . 0 0 . 0
U n c l a s s i f i e d 1 1 .5 1 1 1 . 6
T o t a l 6 8 1007. 692 1007.
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p a t t e r n  was o b s e rv e d  a t  t h e  c o g n i t i v e  l e v e l  o f  a n a l y s i s .  The 
u s e r s  had  f i v e  q u e s t i o n s ,  o r  7 .3  p e r c e n t  o f  th e  t o t a l  q u e s t i o n s  
t a k e n  from t h i s  g ro u p ,  c l a s s i f i e d  in  t h e  a n a l y s i s  c a t e g o r y .
The n o n - u s e r s  had  t e n  q u e s t i o n s  o r  1 .4  p e r c e n t .  None o f  t h e  
q u e s t i o n s  was c l a s s i f i e d  i n  t h e  e v a l u a t i o n  c a t e g o r y ,  and  o n ly  
one i t e m  was i d e n t i f i e d  by  a m a j o r i t y  o f  th e  p a n e l  a s  c a l l i n g  
f o r  s y n t h e s i s .  E le v e n  i t e m s  i n  t h e  n o n - u s e r s  s e c t i o n ,  and  one 
i n  t h e  u s e r s  s e c t i o n  d i d  n o t  r e c e i v e  a m a j o r i t y  c l a s s i f i c a t i o n  
a t  any  c o g n i t i v e  l e v e l .  T hese  i t e m s  a r e  shown i n  t h e  u n c l a s s i f i e d  
s e c t i o n  o f  T a b le  7 .
Q u e s t io n  T ypes From t h e  S ta te -W id e  T e s t  Sample
The number and  p e r c e n t a g e  o f  q u e s t i o n s  c l a s s i f i e d  a t  
e a c h  o f  t h e  s i x  c o g n i t i v e  l e v e l s  a r e  p r e s e n t e d  i n  T a b le  8 . Each 
i t e m  i n  t h e  s t a t e - w i d e  t e s t  sam ple  was g iv e n  a f i n a l  c l a s s i f i c a t i o n  
b a s e d  upon  a m a j o r i t y  a g re e m e n t  from t h e  f iv e -m em b er  c l a s s i f i c a t i o n  
p a n e l .  Of t h e  760 q u e s t i o n s  i n  t h e  t o t a l  s a m p le ,  6 17 ,  o r  8 1 .2  
p e r c e n t , w e r e  c l a s s i f i e d  a t  t h e  lo w e s t  c o g n i t i v e  l e v e l ,  k now ledge .  
S i x t y - s i x  q u e s t i o n s ,  8 .7  p e r c e n t  o f  t h e  t o t a l  num ber, w e re  p l a c e d  
i n  t h e  c o m p re h e n s io n  c a t e g o r y .  The number and  p e r c e n t a g e  o f  
q u e s t i o n s  c l a s s i f i e d  a t  t h e  h i g h e r  c o g n i t i v e  l e v e l s  w ere  as  
f o l l o w s :  a p p l i c a t i o n ,  f o r t y - n i n e  q u e s t i o n s , o r  6 .4  p e r c e n t ;
a n a l y s i s ,  f i f t e e n  q u e s t i o n s ,  o r  2 . 0  p e r c e n t ;  s y n t h e s i s ,  one 
q u e s t i o n ,  o r  . 1  p e r c e n t ;  and  th e  e v a l u a t i o n  c a t e g o r y  h a d  n o n e .
T w elve q u e s t i o n s ,  o r  1 .6  p e r c e n t  o f  t h e  t o t a l  s a m p le ,  f a i l e d  to  
r e c e i v e  a m a j o r i t y  a g re e m e n t  on c l a s s i f i c a t i o n  from t h e  p a n e l .
T h ese  i t e m s  a r e  shown i n  T a b le  8  a t  t h e  u n c l a s s i f i e d  l e v e l .
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Table 8
Number and  P e r c e n t a g e  o f  Q u e s t io n s  a t  Each C o g n i t i v e  L e v e l  
From t h e  S t a t e - w i d e  T e s t  Sample
C o g n i t i v e
L e v e ls
Number o f  
Q u e s t io n s
P e r c e n t  o f  
T o t a l
Knowledge 617 8 1 .2
C om prehension 6 6 8 .7
A p p l i c a t i o n 49 6 .4
A n a l y s i s 15 2 . 0
S y n t h e s i s 1 . 1
E v a l u a t i o n 0 . 0
U n c l a s s i f i e d 1 2 1 . 6
T o t a l 760 1 0 0 %
*L ess  th a n  a m a j o r i t y  a g re e m e n t  on c l a s s i f i c a t i o n  a t  any 
l e v e l  from th e  p a n e l .
C h a p te r  4 c o n t a i n s  a summary o f  f i n d i n g s  and  c o n c l u s i o n s  
drawn from th e  d a t a  p r e s e n t e d  i n  t h i s  c h a p t e r .
Chapter 4
SUMMARY AND CONCLUSIONS
The p u rp o s e  o f  t h i s  s tu d y  was tw o f o ld :  (1) t o  d e te rm in e
t h e  m e n ta l  s k i l l s  em p h as ized  by  w r i t t e n  t e s t  q u e s t i o n s  c o n s t r u c t e d  
and  a d m i n i s t e r e d  t o  s t u d e n t s  by e i g h t h  g r a d e  s c i e n c e  t e a c h e r s ;  
and ( 2 ) t o  d e t e r m in e  i f  t h e r e  w e re  d i f f e r e n c e s  o f  em p h asis  on 
c o g n i t i v e  s k i l l s  i n  q u e s t i o n s  w here  c o m p a r is o n s  w ere  made w i t h i n  
ea c h  o f  t h e  f o l l o w i n g  t e a c h e r - v a r i a b l e  c a t e g o r i e s :  ( 1 ) t e a c h i n g
e x p e r i e n c e ;  (2) a r e a  o f  c e r t i f i c a t i o n ;  (3) c o l l e g e  d e g r e e ;  (4) 
s c i e n c e  t e a c h i n g  e x p e r i e n c e ;  and  (5) ty p e  o f  c u r r i c u l u m  u s e d  in  
s c i e n c e  c l a s s e s .
The s tu d y  i n c l u d e d  a random sam ple  o f  two h u n d red  t e a c h e r s  
from th e  t o t a l  p o p u l a t i o n  who w ere  t e a c h i n g  one o r  m ore c l a s s e s  
o f  e i g h t h  g r a d e  s c i e n c e  i n  t h e  p u b l i c  j u n i o r  h ig h  and  m id d le  
s c h o o l s  o f  L o u i s i a n a .  Sam ples  o f  two m a jo r  s c i e n c e  t e s t s  w ere  
o b t a i n e d  from ea c h  o f  one h u n d re d  and  n i n e t y  p a r t i c i p a n t s .
Random t a b l e s  w ere  u s e d  to  s e l e c t  two q u e s t i o n s  from eac h  t e s t  i n  
t h e  s t a t e - w i d e  sa m p le .  The p a r t i c i p a t i n g  t e a c h e r s  a l s o  c o m p le te d  
a q u e s t i o n n a i r e  d e s ig n e d  t o  s e c u r e  t h e  i n f o r m a t i o n  n eed e d  f o r  
c o m p a r iso n  p u rp o s e s  and  to  I d e n t i f y  q u e s t i o n s  b a s e d  on f i v e  t e a c h e r  
v a r i a b l e s .
The s i x  c o g n i t i v e  l e v e l s  p r e s e n t e d  i n  B loom 's  Taxonomy o f  
E d u c a t io n a l  O b j e c t i v e s :  Handbook I .  C o g n i t i v e  Domain w ere  th e
c r i t e r i a  upon  w h ich  q u e s t i o n  c l a s s i f i c a t i o n  w ere  made. A f ive-m em ber
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p a n e l ,  w o rk in g  i n d i v i d u a l l y ,  c l a s s i f i e d  e a c h  sam ple  t e s t  i t e m  
on  t h e  b a s i s  o f  t h e  h i g h e s t  c o g n i t i v e  s k i l l  o b s e rv e d  o r  im p l ie d  
i n  eac h  i t e m  and r e q u i r e d  o f  t h e  s t u d e n t  t o  c o r r e c t l y  a n sw er  i t .  
F i n a l  c l a s s i f i c a t i o n  was b a s e d  on a s im p le  m a j o r i t y  ag re e m e n t  
from t h e  c l a s s i f i c a t i o n  p a n e l .
SUMMARY OF FINDINGS
Q u e s t io n  c l a s s i f i c a t i o n  by  i n d i v i d u a l  p a n e l i s t s . A h ig h  
l e v e l  o f  a g re e m e n t  i n  t h e  number and  p e r c e n t a g e  o f  q u e s t i o n s  a t  
e a c h  c o g n i t i v e  l e v e l  was o b s e r v e d  among t h e  c l a s s i f i c a t i o n s  
by i n d i v i d u a l  p a n e l i s t s .  A t t h e  know ledge l e v e l ,  t h e  r a n g e  i n  
p e r c e n t a g e s  o f  q u e s t i o n s  was from a h ig h  o f  8 3 .6  p e r c e n t  t o  a low 
o f  7 4 .1  p e r c e n t .  The g r e a t e s t  v a r i a t i o n  i n  p e r c e n ta g e  o f  q u e s t i o n s  
was found  a t  t h e  c o m p re h e n s io n  l e v e l .  The r a n g e  i n  p e r c e n t a g e  o f  
q u e s t i o n s  c l a s s i f i e d  i n  t h e  c o m p re h e n s io n  c a t e g o r y  among t h e  p a n e l  
members was from 1 7 .0  p e r c e n t  t o  6 .7  p e r c e n t .  G e n e r a l l y , a  n a rro w  
r a n g e  was found i n  t h e  p e r c e n t a g e  o f  q u e s t i o n s  c l a s s i f i e d  a t  t h e  
h i g h e r  l e v e l s  o f  c o g n i t i o n .  T h i s  w as shown by  t h e  f o l l o w i n g  
v a r i a t i o n s  i n  p e r c e n t a g e s  a t  e a c h  l e v e l :  a p p l i c a t i o n ,  7 .0  p e r c e n t
t o  4 . 9  p e r c e n t ;  a n a l y s i s ,  4 . 2  p e r c e n t  t o  . 8  p e r c e n t .  One q u e s t i o n  
was c l a s s e d  i n  t h e  e v a l u a t i o n  c a t e g o r y  by one p a n e l i s t .
L e v e l 8 o f  a g re e m e n t  on  q u e s t i o n  c l a s s i f i c a t i o n s . The 
h i g h e s t  l e v e l  o f  a g re e m e n t  was o b s e rv e d  i n  t h e  c l a s s i f i c a t i o n  o f  
i n d i v i d u a l  i t e m s  a t  t h e  know ledge  l e v e l  from th e  p a n e l  a s  a w h o le .  
The p a n e l  was i n  unan im ous a g re e m e n t  on 7 4 .3  p e r c e n t  o f  t h e  i t e m s  
p l a c e d  i n  th e  know ledge c a t e g o r y ;  f o u r  o f  t h e  f i v e  p a n e l i s t s
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a g r e e d  i n  2 0 .9  p e r c e n t  o f  t h e  c a s e s ;  and  t h r e e  o f  t h e  f i v e  a g re e d  
on 4 . 8  p e r c e n t  o f  th e  i t e m s  to  be p la c e d  a t  th e  know ledge l e v e l .  
T h u s ,  a t  t h e  know ledge  l e v e l ,  c l a s s i f i c a t i o n s  by fo u r  o r  f i v e  
p a n e l i s t s  w ere  i n  a g re e m e n t  on 9 5 .2  p e r c e n t  o f  t h e  i t e m s .
A d i f f e r e n t  p a t t e r n  o f  a g re e m e n t  was e v i d e n t  i n  c l a s s i ­
f i c a t i o n s  a t  t h e  h i g h e r  c o g n i t i v e  l e v e l s .  I n  t h e  c o m p re h e n s io n ,  
a p p l i c a t i o n ,  and  a n a l y s i s  c a t e g o r i e s ,  q u e s t i o n s  r e c e i v e d  a f i n a l  
c l a s s i f i c a t i o n  b a s e d  on a s im p le  m a j o r i t y  ( t h r e e  o f  f i v e )  i n  
5 7 .6  p e r c e n t ,  5 1 .0  p e r c e n t ,  and  100 p e r c e n t  o f  t h e  i n s t a n c e s  
r e s p e c t i v e l y .  C o n v e r s e ly  unan im ous a g re e m e n t  was n o te d  i n  6 .1  
p e r c e n t  o f  t h e  c o m p re h e n s io n  q u e s t i o n s ,  1 2 .3  p e r c e n t  o f  t h e  
a p p l i c a t i o n  t y p e ,  and  none  o f  t h e  a n a l y s i s  i t e m s .
Q u e s t io n  t y p e s  and  t e a c h i n g  e x p e r i e n c e . A c o m p a r is o n  o f  
q u e s t i o n s  from t e a c h e r s  i n  e a c h  o f  t h e  f i v e  c a t e g o r i e s  o f  t e a c h i n g  
e x p e r i e n c e  showed no c o n s i s t e n t l y  w id e  d i f f e r e n c e  o f  e m p h as is  on 
any  p a r t i c u l a r  m e n ta l  s k i l l .  Each g ro u p  y i e l d e d  h ig h  p e r c e n t a g e  
o f  q u e s t i o n s  a t  t h e  know ledge  l e v e l  w i th  a ra n g e  o f  8 5 .3  p e r c e n t  
t o  7 8 .3  p e r c e n t .  However, i n  some I n s t a n c e s  n o t i c e a b l e  d i f f e r e n c e s  
i n  t h e  p e r c e n t a g e - o f  q u e s t i o n s  a t  t h e  h i g h e r  l e v e l s  w e re  o b s e r v e d .  
I n  th e  a r e a  o f  c o m p re h e n s io n ,  t h e  0 -3  y e a r s  e x p e r i e n c e  g ro u p  had
1 2 .5  p e r c e n t  com pared  t o  4 . 8  p e r c e n t  i n  t h e  8 -12  y e a r s  g ro u p .  Y e t ,  
t h e  13 -16  y e a r s  t e a c h e r s  s u b m i t t e d  q u e s t i o n s  1 0 .9  p e r c e n t  o f  w h ich  
w ere  t h e  c o m p re h e n s io n  t y p e .  At t h e  a p p l i c a t i o n  l e v e l ,  t h e  8 -12  
y e a r s  g ro u p  h ad  1 4 .5  p e r c e n t ,  o r  a p e r c e n ta g e  t h r e e  t im e s  t h a t  o f  
t h e  a p p l i c a t i o n  q u e s t i o n s  s u b m i t t e d  by t h e  0 -3  y e a r s  g ro u p  o r  t h e  
4 -7  y e a r s  g ro u p .  Y e t , t h e  4 -7  y e a r s  t e a c h e r s  had  f i v e  q u e s t i o n s
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<2 . 3  p e r c e n t )  i n  t h e  a n a l y s i s  c a t e g o r y ,  w h i l e  t h e  o v e r - 1 6 - y e a r s  
g ro u p  h a d  3 . 7  p e r c e n t ,  and  t h e  8 - 1 2  y e a r s  t e a c h e r s  had  n o n e .
Q u e s t io n  ty p e s  and  t e a c h e r  c e r t i f i c a t i o n . Q u e s t io n s  
i n  t h e  sam ple  w ere  r e c e i v e d  from t e a c h e r s  i n  t h r e e  a r e a s  o f  
c e r t i f i c a t i o n - - u p p e r  e l e m e n t a r y ,  s e c o n d a r y ,  and  te m p o ra ry ,  (T- 
c e r t i f i c a t e ) . The g r e a t  m a j o r i t y  o f  t e a c h e r s  was c e r t i f i e d  a t  
t h e  u p p e r  e l e m e n ta r y  and  s e c o n d a ry  l e v e l s .  N ine  t e a c h e r s  w ere  
i d e n t i f i e d  a s  h o l d e r s  o f  T - c e r t i f i c a t e s .
U pper e l e m e n ta r y  and  s e c o n d a ry  t e a c h e r s  had  s i m i l a r l y  
h ig h  p e r c e n t a g e s  o f  q u e s t i o n s  a t  t h e  know ledge l e v e l , w i t h  8 2 .2  
p e r c e n t  and 7 9 .3  p e r c e n t  r e s p e c t i v e l y .  T e a c h e r s  w i t h  T - c e r t i f i c a t e s  
showed a h i g h e r  p e r c e n t a g e  w i t h  94 p e r c e n t .  Among q u e s t i o n s  from 
s e c o n d a ry  t e a c h e r s  t h e r e  was a s l i g h t l y  h i g h e r  p e r c e n t a g e  ( a p p r o x ­
i m a t e l y  two p e r c e n ta g e  p o i n t s )  o f  q u e s t i o n s  i n  b o th  t h e  com pre­
h e n s i o n  and a p p l i c a t i o n  c a t e g o r i e s .  T e a c h e r s  w i t h  T - c e r t i f i c a t e s  
d id  n o t  h a v e  any  q u e s t i o n s  c l a s s i f i e d  beyond th e  co m p re h e n s io n  
l e v e l .  The u p p e r  e l e m e n ta r y  g roup  had  2 .3  p e r c e n t  o f  t h e i r  
q u e s t i o n s  p la c e d  i n  t h e  a n a l y s i s  c a t e g o r y ,  and th e  s e c o n d a ry  g ro u p  
h ad  a s i m i l a r  p e r c e n ta g e  w i t h  1 .9  p e r c e n t .  The two h i g h e s t  
c o g n i t i v e  l e v e l s ,  s y n t h e s i s  and  e v a l u a t i o n ,  w ere  c o m p le te ly  
n e g l e c t e d  e x c e p t  f o r  one  q u e s t i o n .
Q u e s t io n  ty p e s  b a s e d  on t e a c h e r s *  c o l l e g e  d e g r e e s . The 
random sam ple  In v o lv e d  t e a c h e r s  p r i m a r i l y  i n  t h r e e  c o l l e g e  d e g re e  
c a t e g o r i e s - - B a c h e l o r s , M a s te r s  and M a s te r s  + 30 . The M a s te r s  + 30 
t e a c h e r s  had  a s l i g h t l y  lo w e r  p e r c e n t a g e  o f  q u e s t i o n s  ( 7 6 .8  p e r c e n t )  
o f  know ledge ty p e  q u e s t i o n s  com pared  to  t h e  B a c h e lo r s  g roup
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w i t h  8 1 .8  p e r c e n t  and  t h e  M a s te r s  t e a c h e r s  w i t h  8 0 .1  p e r c e n t .  
P e r c e n t a g e s  o f  c o m p re h e n s io n  q u e s t i o n s  among th e  t h r e e  m a jo r  
c o l l e g e  d e g r e e  c a t e g o r i e s  showed a n a r ro w  ra n g e  o f  6 . 0  p e r c e n t  
t o  8 .7  p e r c e n t .  C lo s e  s i m i l a r i t y  i n  p e r c e n t a g e s  o f  a n a l y s i s  
q u e s t i o n s  was a l s o  e v i d e n t  i n  t h e  B a c h e lo r s  and M a s t e r s  d e g re e  
g ro u p s  w i t h  2 .0  p e r c e n t  and  2 .9  p e r c e n t  r e s p e c t i v e l y .  The 
s y n t h e s i s  and  e v a l u a t i o n  l e v e l s  w ere  c o m p le te ly  n e g l e c t e d  by 
a l l  g ro u p s  e x c e p t  f o r  one  s y n t h e s i s  q u e s t i o n .
Q u e s t io n  t y p e s  and  s c i e n c e  t e a c h i n g  e x p e r i e n c e . Over 
80 p e r c e n t  o f  th e  t e a c h e r s  i n  t h e  sam ple  had u n d e r  tw e lv e  y e a r s  
e x p e r i e n c e  t e a c h i n g  s c i e n c e .  Q u e s t io n s  from t e a c h e r s  i n  each  o f  
t h e  f i v e  c a t e g o r i e s  o f  s c i e n c e  t e a c h i n g  e x p e r i e n c e  r e f l e c t e d  th e  
p a t t e r n  o f  g r e a t  e m p h as is  on know ledge q u e s t i o n s  found  i n  most 
o f  th e  o t h e r  t e a c h e r - v a r i a b l e  a r e a s .  The r a n g e  i n  p e r c e n ta g e  
o f  q u e s t i o n s  a t  t h e  r e c a l l  l e v e l  was from 7 5 .0  p e r c e n t  i n  t h e  
13 -16  y e a r s  g ro u p  t o  8 5 .7  p e r c e n t  i n  t h e  o v e r - 1 6 - y e a r s  c a t e g o r y .  
P e r c e n t a g e s  i n  t h e  o t h e r  g r o u p s ,  h o w ev e r ,  w ere  r a t h e r  u n i f o r m ly  
d i s t r i b u t e d  w i t h i n  t h a t  r a n g e  a t  7 8 . 8 ,  8 0 . 5 ,  and  8 5 .3  p e r c e n t .  
The 1 6 .2  p e r c e n t  o f  c o m p re h e n s io n  q u e s t i o n s  i n  t h e  13-16  y e a r s  
c a t e g o r y  was c o n s p ic u o u s l y  h ig h  com pared  to  t h e  1 0 .7 ,  8 . 7 ,  8 . 5 ,  
and  6 . 4  p e r c e n t a g e s  i n  t h e  o t h e r  g ro u p s  f o r  t h e  same c o g n i t i v e  
l e v e l .  A w id e  v a r i a t i o n  was found  among t h e  v a r i o u s  g ro u p s  i n  
p e r c e n t a g e s  o f  q u e s t i o n s  a t  t h e  a p p l i c a t i o n  l e v e l .  The 8-12  
y e a r s  and  13 -16  y e a r s  t e a c h e r s  s u b m i t t e d  9 .3  and  8 . 8  p e r c e n t  
a p p l i c a t i o n  q u e s t i o n s  r e s p e c t i v e l y .  T hese  w ere  fo l lo w e d  by  th e  
4 -7  y e a r s  g ro u p  w i t h  6 .4  p e r c e n t ,  t h e  0 -3  y e a r s  t e a c h e r s  w i th
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3 . 8  p e r c e n t ,  and  t h e  o v e r - 1 6 - y e a r s  g ro u p  w i t h  a low 1 . 8  p e r c e n t .  
T h u s ,  th e  ra n g e  i n  p e r c e n ta g e  o f  a p p l i c a t i o n  q u e s t i o n s  was from
9 .3  t o  1 .8  p e r c e n t .  The c a t e g o r y  o f  a n a l y s i s  was l a r g e l y  
n e g l e c t e d  e x c e p t  f o r  n i n e  q u e s t i o n s  ( 3 .8  p e r c e n t )  from th e  4 -7  
y e a r s  t e a c h e r s  and  f i v e  q u e s t i o n s  ( 2 .3  p e r c e n t )  from t e a c h e r s  
w i t h  8 -1 2  y e a r s  s c i e n c e  t e a c h i n g  e x p e r i e n c e .  The a r e a s  o f  
s y n t h e s i s  and  e v a l u a t i o n  w ere  t o t a l l y  n e g l e c t e d  e x c e p t  f o r  a 
s i n g l e  q u e s t i o n .
Q u e s t io n  t y p e s  from u s e r s  and  n o n - u s e r s  o f  modern 
s c i e n c e  c u r r i c u l u m  p r o j e c t s . O nly  s e v e n te e n  t e a c h e r s  i n  t h e  
t o t a l  sam p le  w ere  i d e n t i f i e d  a s  u s e r s  o f  m odern s c i e n c e  c u r r i c ­
ulum p r o j e c t s  i n  t h e i r  t e a c h i n g .  However, from a p e r c e n ta g e  
c o m p a r i s o n ,  t h e  d a t a  i n d i c a t e d  a m arked  d i f f e r e n c e  o f  em phasis  
on t h e  v a r i o u s  m e n ta l  s k i l l s  b e tw e e n  t h e  two g r o u p s .  At t h e  
know ledge l e v e l ,  t h e  u s e r s  h ad  5 2 .9  p e r c e n t  com pared  t o  8 4 .0  
p e r c e n t  f o r  t h e  n o n - u s e r s .  The u s e r s  h a d  1 1 .8  p e r c e n t  o f  t h e i r  
q u e s t i o n s  c l a s s i f i e d  i n  t h e  c o m p re h e n s io n  c a t e g o r y  com pared to
8 .4  p e r c e n t  f o r  t h e  n o n - u s e r s .  A s t r i k i n g  d i f f e r e n c e  was n o te d  
i n  t h e  p e r c e n t a g e  o f  a p p l i c a t i o n  q u e s t i o n s  w i t h  2 6 .5  p e r c e n t  and
4 . 5  p e r c e n t  f o r  t h e  u s e r s  and n o n - u s e r s  r e s p e c t i v e l y .  A s i m i l a r  
p a t t e r n  was n o te d  a t  t h e  a n a l y s i s  l e v e l .  The u s e r s  had  7 .3  p e r c e n t  
com pared  t o  1 .4  p e r c e n t  f o r  t h e  n o n - u s e r s .  However, t h e  h i g h e s t  
c o g n i t i v e  l e v e l s ,  s y n t h e s i s  and  e v a l u a t i o n ,  w ere  n e g l e c t e d  by  b o th  
g ro u p s  e x c e p t  f o r  a s i n g l e  q u e s t i o n  i n  t h e  s y n t h e s i s  c a t e g o r y .
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Q u e s t io n  ty p e s  from th e  t o t a l  t e a t  s a m p le . S ix  h u n d red  
s e v e n te e n  q u e s t i o n s ,  o r  8 1 .2  p e r c e n t  o f  t h e  sam ple  t e s t  i t e m s ,  
w e re  c l a s s i f i e d  a t  t h e  know ledge l e v e l  by a m a j o r i t y  o f  th e  
c l a s s i f i c a t i o n  p a n e l  m em bers. E a s i l y  o b s e rv e d  was a d r a s t i c  and 
c o n t in u o u s  r e d u c t i o n  i n  t h e  number and p e r c e n t a g e  o f  q u e s t i o n s  i n  
e a c h  o f  t h e  s u c c e s s i v e l y  h i g h e r  l e v e l s  o f  c o g n i t i v e  b e h a v i o r .  
S i x t y - s i x  q u e s t i o n s  ( 8 .7  p e r c e n t )  w ere  p la c e d  i n  t h e  c o m p re h e n s io n  
co lum n; f o r t y - n i n e  q u e s t i o n s  ( 6 .4  p e r c e n t ) , a p p l i c a t i o n ;  f i f t e e n  
q u e s t i o n s  ( 2 . 0  p e r c e n t ) ,  a n a l y s i s ;  one q u e s t i o n  ( . 1  p e r c e n t ) ,  
s y n t h e s i s ;  and  e v a l u a t i o n ,  .0  p e r c e n t .  Tw elve q u e s t i o n s ,  o r  1 .6  
p e r c e n t  o f  t h e  t o t a l ,  w e re  u n c l a s s i f i e d  s i n c e  th e y  d id  n o t  r e c e i v e  
a t  l e a s t  a m a j o r i t y  a g re e m e n t  i n  c l a s s i f i c a t i o n  from t h e  p a n e l .
CONCLUSIONS
An a n a l y s i s  o f  d a t a  i n  t h i s  s tu d y  p r o v id e d  e v id e n c e  w hich  
seemed s u f f i c i e n t  t o  w a r r a n t  t h e  f o l l o w in g  c o n c l u s i o n s :
(1) A p p ro x im a te ly  100 p e r c e n t  o f  t h e  q u e s t i o n s  i n  a s t a t e ­
w id e  sam ple  was c l a s s i f i e d  by a p a n e l  o f  t r a i n e d ,  o b j e c t i v e  
o b s e r v e r s  when w o rk in g  I n d i v i d u a l l y  and  when t h e  b a s i s  o f  c l a s s i ­
f i c a t i o n  was a s im p le  m a j o r i t y  a g re e m e n t .
(2) Knowledge ty p e  q u e s t i o n s  w ere  e a s i e s t  t o  i d e n t i f y .  A 
lo w e r  l e v e l  o f  a g re e m e n t  w a s  o b s e rv e d  i n  t h e  c l a s s i f i c a t i o n  o f  
q u e s t i o n s  a t  e a c h  s u c c e e d ln g ly  h i g h e r  l e v e l  o f  c o g n i t i o n  beyond  t h a t  
o f  k n ow ledge .
(3) A h ig h  l e v e l  o f  a g ree m en t  was o b s e rv e d  i n  t h e  p e r c e n t ­
a g e  o f  q u e s t i o n s  c l a s s i f i e d  a t  e a c h  c o g n i t i v e  l e v e l  by t r a i n e d  
i n d i v i d u a l s  w o rk in g  I n d i v i d u a l l y  a s  o b j e c t i v e  o b s e r v e r s .
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(4) No c o n s i s t e n t  e v id e n c e  was o b s e rv e d  t o  i n d i c a t e  
t h a t  t h e  q u e s t i o n s  from m ore e x p e r i e n c e d  o r  l e s s  e x p e r i e n c e d  
t e a c h e r s  p l a c e  g r e a t e r  o r  l e s s e r  e m p h as is  on th e  h i g h e r  m e n ta l  
s k i l l s .  T e a c h e r s  i n  a l l  c a t e g o r i e s  o f  t o t a l  t e a c h i n g  
e x p e r i e n c e  p la c e d  s i m i l a r l y  g r e a t  em p h asis  on t h e  lo w e s t  
c o g n i t i v e  l e v e l ,  k n o w led g e .  I n  i s o l a t e d  i n s t a n c e s ,  ho w ev er ,  
q u e s t i o n s  from c e r t a i n  e x p e r i e n c e d  g ro u p s  i n d i c a t e d  a r e l a t i v e l y  
h ig h  o r  low p e r c e n t a g e  i n  a g iv e n  c a t e g o r y .
(5) A p p ro x im a te ly  f o u r - f i f t h s  o f  t h e  s c i e n c e  t e s t  
q u e s t i o n s  c o n s t r u c t e d  by t e a c h e r s  w i t h  e i t h e r  u p p e r  e l e m e n ta r y  
o r  s e c o n d a ry  c e r t i f i c a t e s  r e q u i r e d  t h e  s t u d e n t s  t o  e x e r c i s e  
o n ly  t h e  m e n ta l  s k i l l  o f  r e c a l l i n g  v a r i o u s  form s o f  i n f o r m a t i o n .  
F u r t h e r ,  T - c e r t i f i c a t e  t e a c h e r s  p l a c e d  even  g r e a t e r  em p h asis  on 
memory ty p e  q u e s t i o n s ,  and  th e y  n e g l e c t e d  t o  employ q u e s t i o n s  
beyond  t h e  c o m p re h e n s io n  l e v e l .
( 6 ) T e a c h e r s  w i t h  s e c o n d a ry  c e r t i f i c a t e s  a sk e d  s l i g h t l y  
more c o m p re h e n s io n  and  a p p l i c a t i o n - t y p e  q u e s t i o n s  (two p e r c e n ta g e  
p o i n t s )  th a n  d id  t e a c h e r s  w i t h  u p p e r  e l e m e n ta r y  c e r t i f i c a t i o n .  
However, s c i e n c e  t e s t s  from b o th  u p p e r  e l e m e n ta r y  and  s e c o n d a ry  
t e a c h e r s  f a i l e d  t o  c h a l l e n g e  s t u d e n t s  a t  t h e  h i g h e s t  c o g n i t i v e  
l e v e l s  o f  s y n t h e s i s  and e v a l u a t i o n .
(7) T h e re  w ere  o n ly  m in o r  d i f f e r e n c e s  i n  t h e  k in d s  o f  
t e s t  q u e s t i o n s  a s k e d  by t h e  s c i e n c e  t e a c h e r s  when c o m p a r is o n s  
w ere  made o f  q u e s t i o n s  from  t e a c h e r s  h o ld i n g  B a c h e lo r s ,  M a s t e r s ,  
and  M a s te r s  + 30 d e g r e e s .  R e g a r d l e s s  o f  c o l l e g e  d e g r e e ,  t e a c h e r s  
g av e  t e s t s  i n  w h ich  7 5 -8 0  p e r c e n t  o f  t h e  i t e m s  s t r e s s  s im p le  
r e c a l l .  A l th o u g h  t h e r e  w ere  f a r  fe w e r  q u e s t i o n s  a t  t h e s e  l e v e l s ,
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c l o s e  s i m i l a r i t y  was a l s o  o b s e rv e d  i n  t h e  p e r c e n t a g e s  o f  
c o m p re h e n s io n  and  a p p l i c a t i o n  q u e s t i o n s  from t e a c h e r s  w i t h  
d i f f e r e n t  c o l l e g e  d e g r e e s .  F u r t h e r ,  t e a c h e r s  n e g l e c t e d  th e  
s k i l l s  o f  s y n t h e s i s  and  e v a l u a t i o n  i n  eac h  c o l l e g e  d e g re e  
c a t e g o r y .
( 8 ) E i g h t h - g r a d e  s c i e n c e  t e a c h e r s ,  r e g a r d l e s s  o f  t h e  
number o f  y e a r s  th e y  h av e  t a u g h t  s c i e n c e  c o u r s e s ,  em ployed 
t e s t s  i n  w h ich  7 5 -8 5  p e r c e n t  o f  t h e  q u e s t i o n s  s t r e s s  memory, 
and p r a c t i c a l l y  none  o f  t h e i r  q u e s t i o n s  demanded th e  two 
h i g h e s t  l e v e l s  o f  c o g n i t i o n  from t h e  s t u d e n t s .  However, t e a c h e r s  
i n  t h e  i n t e r m e d i a t e  r a n g e s  o f  s c i e n c e  t e a c h i n g  e x p e r i e n c e  (4 -7  
and  8 - 1 2  y e a r s )  seemed t o  p l a c e  more em phasis  on a p p l i c a t i o n
and  a n a l y s i s - t y p e  q u e s t i o n s  t h a n  d i d  t e a c h e r s  i n  t h e  0 -3  y e a r s  
c a t e g o r y .
(9) A p p ro x im a te ly  91 p e r c e n t  o f  t h e  e i g h t h - g r a d e  s c i e n c e  
t e a c h e r s  i n  L o u i s i a n a ' s  p u b l i c  s c h o o l s  u s e d  a s c i e n c e  c u r r i c u lu m  
d e s ig n e d  f o r  th e m s e lv e s  o r  one d e v e lo p e d  by t h e  l o c a l  s c i e n c e  
d e p a r tm e n t  o r  c u r r i c u l u m  c o m m it te e .  T h u s ,  o n ly  9 p e r c e n t  o f  t h e  
t e a c h e r s  u s e d  one o f  t h e  m odern  s c i e n c e  c u r r i c u l u m  p r o j e c t s  t h a t  
hav e  b een  r e c o g n i z e d  i n  p r o f e s s i o n a l  p u b l i c a t i o n s .
(10) E i g h t h - g r a d e  s c i e n c e  t e a c h e r s  who u s e d  one o f  t h e  
new er c u r r i c u l u m  p r o j e c t s  i n  t h e i r  t e a c h i n g  a s k e d  more q u e s t i o n s  
i n  t h e  c o m p re h e n s io n ,  a p p l i c a t i o n ,  and  a n a l y s i s  c a t e g o r i e s  th a n  
d id  t e a c h e r s  who u s e d  a c u r r i c u l u m  d e v e lo p e d  by th e m s e lv e s  o r  by 
a l o c a l  g ro u p .  H owever, r e g a r d l e s s  o f  t h e  k in d  o f  c u r r i c u lu m  
u s e d ,  t e a c h e r s  d id  n o t  p r o v id e  o p p o r t u n i t i e s  i n  t h e  q u e s t i o n s  
th e y  u s e  f o r  t h e i r  s t u d e n t s  t o  e x e r c i s e  m e n ta l  s k i l l s  a t  t h e  
h i g h e s t  c o g n i t i v e  l e v e l s .
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(11) The h y p o t h e s i s  o f  t h e  s tu d y  was a c c e p t e d .  However, 
w i t h o u t  o f f e r i n g  a v a l u e  judgm en t on w hat p e r c e n t a g e  o f  
q u e s t i o n s  w ould  b e  c o n s i d e r e d  a d e q u a te  a t  each  c o g n i t i v e  l e v e l ,  
t h e  s tu d y  d id  show t h a t  a t  l e a s t  some s c i e n c e  t e a c h e r s  i n  
L o u i s i a n a  a s k e d  a n o t i c e a b l e  number o f  c o m p re h e n s io n  and 
a p p l i c a t i o n - t y p e  q u e s t i o n s  and  a few q u e s t i o n s  w h ich  c a l l e d  
f o r  a n a l y s i s .
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APPENDIX A
T e a c h e r ' s  Name 
Name o f  Schoo l 
A d d ress
Dear ( T e a c h e r ' s  Name):
The S c ie n c e  S e c t i o n  o f  th e  L o u i s i a n a  S t a t e  D epartm en t o f  E d u c a t io n ,  
i n  c o o p e r a t i o n  w i t h  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  i s  v e r y  i n t e r e s t e d  
i n  a s tu d y  t h a t  i s  b e in g  made by N r .  Guy Von S c h i l l i n g  on T e s t  
Q u e s t io n s  Employed by S c ie n c e  T e a c h e r s  i n  t h e  P u b l i c  J u n i o r  High 
and M id d le  S c h o o ls  o f  L o u i s i a n a .
We a r e  a s k in g  f o r  y o u r  c o o p e r a t i o n  i n  r e t u r n i n g  th e  q u e s t i o n n a i r e  
a lo n g  w i th  t e s t s  r e q u e s t e d  by  Mr. S c h i l l i n g .  I t  i s  my u n d e r s t a n d i n g  
t h a t  t h i s  i n f o r m a t i o n  i s  needed  no l a t e r  t h a n  May 1 , 1971.
Your c o n s i d e r a t i o n  to  t h i s  r e q u e s t  i s  g r e a t l y  a p p r e c i a t e d .
S ta n  Shaw
S t a t e  S u p e r v i s o r  o f  S c ie n c e  
and E n v iro n m e n ta l  S t u d i e s
W. R. E g l l n ,  D i r e c t o r  
S tu d e n t  T ea ch in g  
L o u i s i a n a  S t a t e  U n i v e r s i t y
A t ta c h m e n ts :  L e t t e r  from Mr. S c h i l l i n g
Q u e s t i o n n a i r e
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D ear ( T e a c h e r ' s  Name)
I  am a c a n d i d a t e  f o r  t h e  D o c to r  o f  E d u c a t io n  d e g r e e  a t  L o u i s i a n a  
S t a t e  U n i v e r s i t y .  One o f  t h e  r e q u i r e m e n t s  f o r  t h i s  d e g re e  i s  a 
d i s s e r t a t i o n .  One p h a se  o f  my s tu d y  r e q u i r e s  t h e  c o l l e c t i o n  o f  
a random sam p le  o f  t e s t  q u e s t i o n s  from t e a c h e r s  who t e a c h  one  o r  
m ore c l a s s e s  o f  e i g h t h  g r a d e  s c i e n c e .  To a c c o m p l i s h  t h i s ,  I  need  
y o u r  h e l p  on two m a t t e r s :
(1) Take two d i f f e r e n t  s c i e n c e  t e s t s  t h a t  you  h a v e  c o n s t r u c t e d  
and  a d m i n i s t e r e d  t o  any  o f  y o u r  e i g h t h  g r a d e  l e v e l  s c i e n c e  
c l a s s e s  w i t h i n  t h e  p a s t  y e a r  an d  fo rw a rd  them t o  me i n  t h e  
e n c l o s e d  e n v e lo p e  t h a t  i s  s tam ped  and  a d d r e s s e d .  T h i s  
s h o u ld  be  no p ro b lem  b e c a u s e  t h e s e  c a n  b e  s ix -w e e k s  t e s t s ,  
n in e -w e e k s  t e s t s ,  u n i t  t e s t s ,  m i d - s e m e s t e r  (m id - te rm )  t e s t s ,  
f i n a l  t e s t s ,  o r  any  o t h e r  t e s t s  you  m ig h t  h av e  u s e d  to  
m e a su re  s t u d e n t  p r o g r e s s  o v e r  s e v e r a l  w e e k s '  p e r io d  o f  t im e .  
T hese  t e s t s  c a n  b e  i n  any  c o m b in a t io n  ( i . e .  two s ix -w e e k s  
t e s t s ,  one s ix -w e e k s  t e s t  and  one  m id - te r m  t e s t ,  two u n i t  
t e s t s ,  one u n i t  t e s t  and  one  f i n a l  t e s t ,  e t c . ) ,  b u t  ea c h  m ust 
b e  d i f f e r e n t .  The t e s t s  c a n  b e  b l a n k  e x t r a  c o p i e s  you h av e  
on f i l e  o r  th e y  may be  u s e d  s t u d e n t  c o p i e s  w i th  a n s w e rs  on 
them . E i t h e r  ty p e  i s  s a t i s f a c t o r y .
(2) Respond t o  t h e  s i x  q u e s t i o n s  on t h e  a t t a c h e d  s h e e t  w h ich  i s  
t o  be  r e t u r n e d  a lo n g  w i t h  t h e  t e s t s  i n  t h e  e n c lo s e d  s e l f -  
a d d r e s s e d  e n v e lo p e .
I  know you a r e  so  v e r y  b u sy  and  t h a t  you may be  r e l u c t a n t  t o  
r e l e a s e  c o p i e s  o f  y o u r  t e s t s .  However, t h i s  w i l l  t a k e  j u s t  a 
few m in u te s  o f  y o u r  t im e  and  you c a n  b e  s u r e  t h a t  y o u r  name, th e  
name o f  y o u r  s c h o o l ,  y o u r  s c h o o l  sy s te m  o r  y o u r  s t u d e n t s  w i l l  n o t  
b e  i d e n t i f i e d  o r  u s e d  i n  any w ay . The t e s t s  w i l l  b e  d e s t r o y e d  
u n l e s s  you r e q u e s t  th e y  b e  r e t u r n e d  to  y o u .
I  t r u s t  t h a t  you w i l l  h o n o r  t h i s  r e q u e s t .  I  m us t h av e  y o u r  
r e s p o n s e  i f  t h e  s tu d y  i s  t o  c o n t i n u e .
P l e a s e  a c c e p t  my s i n c e r e  th a n k s  f o r  y o u r  h e l p  i n  t h i s  e n d e a v o r .
R e s p e c t f u l l y  y o u r s , / )  *
Guy U b m S c h i l l i n g  
G r a d i V ^  S tu d e n t  v ,
L o u i s i a n a  S t a t e  U n iv e rs
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APPENDIX C
NOTE: A f t e r  you h av e  c h e c k e d  th e  a p p r o p r i a t e  s p a c e ( s )  i n  each
i t e m ,  p l e a s e  d e t a c h  t h i s  s h e e t  and  r e t u r n  w i t h  t h e  t e s t s .
1 . C o u n t in g  t h e  p r e s e n t  y e a r ,  how many y e a r s  h a v e  you b e e n  
t e a c h in g ?
________  0 -  3 y e a r s
________  4 -  7 y e a r s
________  8 - 1 2  y e a r s
________  13 -  16 y e a r s
________  o v e r - 1 6 - y e a r s
2 . C o u n t in g  t h e  p r e s e n t  y e a r ,  how many y e a r s  h a v e  you t a u g h t  
one o r  m ore s c i e n c e  c o u r s e s  on  a r e g u l a r  b a s i s ?
________  0 -  3 y e a r s
________  4 - 7  y e a r s
________  8 - 1 2  y e a r s
________  13 - 16 y e a r s
________  o v e r - 1 6 - y e a r 8
3 . P l a c e  a c h e c k  m ark  i n  t h e  sp a c e  by y o u r  a r e a ( s )  o f  t e a c h i n g  
c e r t i f i c a t i o n .
________  0 - 3 y e a r s
________  4 - 7 y e a r s
________  8 - 1 2  y e a r s
________  13 - 16 y e a r s
________  o v e r - 1 6 - y e a r s
4 .  P la c e  a c h e c k  m ark  i n  t h e  sp a c e  by t h e  h i g h e s t  c o l l e g e  d e g re e  
you h o l d  a t  p r e s e n t .
________  B .S .  o r  B.A.
________ M a s te r s  (M .S .,  M .A .,  o r  M .E d.)
________  M a s te r s  + 30
________  E d u c a t io n  S p e c i a l i s t
________  P h .D . o r  Ed.D
________  O th e r s
5 . I n  y o u r  e i g h t h  g r a d e  s c i e n c e  c l a s s ( s ) ,  do you u s e  a s c i e n c e  
p rogram  d e v e lo p e d  by  y o u r s e l f ,  y o u r  l o c a l  s c i e n c e  d e p a r tm e n t  




6 . I n  r e c e n t  y e a r s  a number o f  new s c i e n c e  c u r r i c u lu m  p r o j e c t s  
o r  t e a c h i n g  a p p ro a c h e s  h av e  b e e n  d e v e lo p e d  f o r  u s e  a t  th e  
e l e m e n ta r y  and j u n i o r  h i g h  s c h o o l  l e v e l s .  Below i s  a p a r t i a l  
l i s t  o f  t h e s e  p r o j e c t s .  I f  you h a v e  b e e n  u s i n g  one o f  t h e  
p rogram s i n  y o u r  s c i e n c e  c l a s s ( s )  d u r in g  th e  p a s t  y e a r ,  
p l e a s e  i d e n t i f y  i t  by  p l a c i n g  a c h e c k  m ark i n  t h e  a p p r o p r i a t e  
s p a c e .  Use t h e  b o t to m  l i n e  t o  i d e n t i f y  y o u r  c u r r i c u b im  i f  i t  
i s  n o t  l i s t e d .
________  E a r t h  S c ie n c e  C u r r ic u lu m  P r o j e c t  (ESCP)
________  E le m e n ta ry  S c ie n c e  P r o j e c t  (ESP)
________  I n q u i r y  D evelopm ent P rogram  (IDP)
________  E le m e n ta ry  S ch o o l  S c ie n c e  P r o j e c t  (ESSP)
________  E le m e n ta ry  S c ie n c e  S tu d y  (ESS)
________  I n t e r m e d i a t e  S c ie n c e  C u r r ic u lu m  S tu d y  (ISCS)
________  M in n e so ta  M a th e m a t ic s  and  S c ie n c e  T e s t i n g  P r o j e c t
(M inneM ast)
________  S ch o o l  S c i e n c e  C u r r ic u lu m  P r o j e c t  (SSCP)
________  S c ie n c e  C u r r ic u lu m  Im provem ent S tu d y  (SCIS)
________  I n t e r m e d i a t e  P h y s i c a l  S c ie n c e
________  O th e r  p r o j e c t  n o t  l i s t e d  ( p l e a s e  i d e n t i f y  by w r i t i n g
name o f  p rog ram  i n  t h e  f o l l o w i n g  s p a c e )  _______________
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APPENDIX D
INSTRUCTIONS TO MEMBERS OF THE CLASSIFICATION PANEL
T h i s  i s  a l i s t  o f  q u e s t i o n s  t a k e n  th ro u g h  th e  u s e  o f  
random -num ber t a b l e s  from s t a t e - w i d e  t e s t  s a m p le s .  You a r e  t o  
c l a s s i f y  ea c h  q u e s t i o n  i n t o  one  o f  t h e  s i x  l e v e l s  o f  m e n ta l  
s k i l l s  a s  p r e s e n t e d  i n  B loom 's  Taxonomy: C o g n i t i v e  Domain.
A b l a n k  s p a c e  i s  p ro v id e d  a t  t h e  l e f t  o f  e a c h  q u e s t i o n  i n  w hich  
you a r e  t o  p l a c e  t h e  number r e p r e s e n t i n g  y o u r  c l a s s i f i c a t i o n  
a c c o r d in g  to  t h e  f o l lo w in g  schem e: (1 )  Knowledge; (2) Compre­
h e n s io n ;  (3) A p p l i c a t i o n ;  (4) A n a l y s i s ;  (5) S y n t h e s i s ;  ( 6 ) 
E v a l u a t i o n .  No f u r t h e r  s u b - c l a s s i f i c a t i o n  i s  n e c e s s a r y .
You a r e  a s k e d  to  d e te r m in e  t h e  h i g h e s t  l e v e l  o f  m e n ta l  
b e h a v i o r  t o  b e  e x e r c i s e d  by th e  s t u d e n t  i n  s u c c e s s f u l l y  a n s w e r in g  
eac h  q u e s t i o n .  T hus ,  y o u r  c l a s s i f i c a t i o n  i s  t o  b e  b a s e d  on th e  
h i g h e s t  m e n ta l  s k i l l  t h a t  you f i n d  e x p r e s s e d  o r  im p l ie d  i n  t h e  
i n d i v i d u a l  q u e s t i o n .
The f o l l o w in g  i s  a b r i e f  d e s c r i p t i o n  o f  t h e  l e v e l s  o f  
m e n ta l  b e h a v i o r  r e c o g n i z e d  by  t h e  Taxonomy.
L e v e l  I :  K now ledge. T h i s  I n c l u d e s  t h o s e  b e h a v i o r s  w h ich
em p h as ize  w ha t a p u p i l  rem em bers ,  e i t h e r  by  r e c o g n i t i o n  o r  r e c a l l  
o f  i d e a s ,  m a t e r i a l s ,  o r  phenomena. T h i s  l e v e l  i s  b a s i c  t o  w o rk in g  
a t  any  o t h e r  l e v e l .
L e v e l  I I :  C o m p re h en s io n . T h i s  l e v e l  em p h a s iz e s  a g r a s p
o f  t h e  m ean in g  and  i n t e n t  o f  a " m a t e r i a l "  ( i . e . ,  a com m unica tion
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i n  o r a l  o r  w r i t t e n  form , i n  v e r b a l  o r  sy m b o lic  fo rm , o r  i n  
c o n c r e t e  fo rm ) .  I t  i n c l u d e s  a p u p i l ' s  a b i l i t y  t o  t r a n s l a t e , 
i n t e r p r e t , o r  e x t r a p o l a t e .
L e v e l  I I I :  A p p l i c a t i o n . The e m p h as is  a t  t h i s  l e v e l  
i s  on t h e  s e l e c t i o n  o f  an  a p p r o p r i a t e  l e a r n i n g  t o  s o lv e  a 
p ro b lem  o r  t o  d e a l  w i th  a new s i t u a t i o n .  T h is  a r e a  d i f f e r s  
from t h a t  o f  c o m p re h e n s io n  i n  t h a t  t h e  p u p i l  m u s t  s e l e c t  from 
p a s t  l e a r n i n g s  t h e  a p p r o p r i a t e  u n d e r s t a n d i n g  and  p r o c e s s  to  
r e s o l v e  a p rob lem  when no mode o f  s o l u t i o n  i s  s p e c i f i e d .
L e v e l  IV: A n a l y s i s . A n a l y s i s  em p h a s iz e s  t h e  breakdow n
o f  m a t e r i a l s  i n t o  c o n s t i t u e n t  p a r t s ,  t h e  d e t e c t i o n  o f  r e l a t i o n ­
s h i p s ,  and  t h e  o r g a n i z a t i o n  o f  t h e  w h o le .
L e v e l  V; S y n t h e s i s . T h is  l e v e l  e m p h a s iz e s  c r e a t i v e  
b e h a v i o r  i n  t h e  o r g a n i z a t i o n  o f  e l e m e n t s  from a number o f  s o u r c e s  
i n t o  a new s t r u c t u r e .  I n  e a c h  c a s e  o f  s y n t h e s i s  t h e r e  i s  some 
new way t o  com m unica te  and i t  i s  t h i s  e le m e n t  w h ich  d i s t i n g u i s h e s  
s y n t h e s i s  from t h e  o t h e r  l e v e l s .
L e v e l  V I: E v a l u a t i o n . The e v a l u a t i o n  l e v e l  i n v o l v e s
th e  m aking  o f  v a l u e  Judgm ents  a b o u t  p u r p o s e s ,  i d e a s ,  w o rk s ,  
s o l u t i o n s ,  m e th o d s ,  m a t e r i a l s ,  e t c .  I t  em ploys t h e  u s e  o f  
c r i t e r i a  o r  s t a n d a r d s  f o r  a p p r a i s i n g  t h e  e x t e n t  t o  w h ich  
p a r t i c u l a r s  a r e  a c c u r a t e ,  e f f e c t i v e ,  e c o n o m ic a l ,  o r  s a t i s f y i n g .  
The ju d g m e n ts  may be  q u a l i t a t i v e  o r  q u a n t i t a t i v e ,  and  th e  
c r i t e r i a  may b e  e i t h e r  t h o s e  d e te r m in e d  by t h e  p u p i l  o r  t h o s e  
w h ich  a r e  p ro v id e d  h im . E v a l u a t i o n  i s  r e g a r d e d  a s  r e q u i r i n g  
t o  some e x t e n t  a l l  t h e  o t h e r  l e v e l a  o f  b e h a v i o r .  H owever, i t  
i s  n o t  n e c e s s a r i l y  t h e  l a s t  s t e p  i n  t h i n k i n g  o r  p ro b lem  s o l v i n g .
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I f  you s h o u ld  h a v e  a q u e s t i o n  c o n c e r n in g  c l a s s i f i c a t i o n  
p r o c e d u r e s  o r  t h e  sam p le  t e a t  i t e m s ,  p l e a s e  t e l e p h o n e  me a t  one 
o f  t h e s e  num bers :  Home -  342 -5894  o r  O f f i c e  - 388 -2760 .
A r e f e r e n c e  copy  o f  t h e  Taxonomy w i l l  b e  p r o v id e d  f o r  
p a n e l  members w here  n e e d e d .
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APPENDIX E
SAMPLE TEST QUESTIONS CLASSIFIED 
AT VARIOUS COGNITIVE LEVELS BY THE PANEL
KNOWLEDGE
When g a s  I s  s u b j e c t e d  t o  added  p r e s u r e  I t  becomes 
 •
What a r e  t h e  t h r e e  b a s i c  ty p e s  o f  s o i l ?
What i s  t h e  fo rm u la  f o r  a n g u l a r  momentum?
D e f in e  k i n e t i c  e n e r g y .
The f i r s t  man t o  make a c e l l  t h a t  p ro d u ced  e l e c t r i c t y  
by c h e m ic a l  a c t i o n  was (a )  H en ry ,  (b) F a ra d a y ,  ( c )  G a lv a n i ,  
(d) V o l t .
Rocks w h ich  h a v e  b e e n  changed  by h e a t  and  p r e s s u r e  
a r e  c a l l e d  (a )  v o l c a n i c ,  (b) I g n e o u s ,  ( c )  m e ta m o rp h ic , (d) 
s e d im e n ta r y .
( T r u e - F a l s e )  G reen  p l a n t s  make t h e i r  own food w h i le  
a n im a ls  c a n n o t .
The l i g h t e d  p a r t s  o f  t h e  moon s e e n  a t  d i f f e r e n t  t im e s
a r e  c a l l e d    o f  t h e  moon.
(M atch in g  d e s c r i p t i v e  p h r a s e s  w i t h  one-w ord  te rm s)
____________________  A k in d  o f  l e n s  t h a t  i s  t h i n n e r  i n  th e
m id d le  and  s p r e a d s  l i g h t  r a y s .
I n  w h a t d i r e c t i o n  d o es  t h e  c u r r e n t  o f  a d ry  c e l l




What i s  t h e  d i f f e r e n c e  be tw een  r e f l e c t i o n  and  r e f r a c t i o n ?  
How d o es  s o i l  d i f f e r  from rock?
A c c o rd in g  t o  t h e  c o n t r a c t i o n  t h e o r y ,  why does  t h e  e a r t h ' s  
o u t e r  c r u s t  w r in k le ?
How i s  wave l e n g t h  d e te rm in e d ?
A l l  o f  t h e  f o l l o w i n g  a r e  s o l u t i o n s  e x c e p t  (a )  a d im e,
(b) soda pop , ( c )  t i n c t u r e  o f  i o d i n e ,  (d) m e r c u r ic  o x id e .
An exam ple  o f  a d e s c r i p t i v e  c l a s s i f i c a t i o n  i s  (a) a 
r e d  r o c k ,  (b) a h a r d  r o c k ,  ( c )  b o th  o f  t h e s e ,  (d) none o f  t h e s e .
Which o f  t h e  f o l l o w i n g  i s  a s c a l e r  q u a n t i t y ?  (a )  f o r c e ,  
(b) t e m p e r a t u r e ,  ( c )  v e l o c i t y .
L i s t  t h e  com ponen ts  o f  t h e s e  com pounds: Ag, NO3 , e t c .
APPLICATION
Why can  we s a y  c o l o r  depends  on l i g h t ?
An e le m e n t  h a s  an  e l e c t r o n  a r r a n g e m e n t  o f  2 ,  7 .  The 
e le m e n t  n e e d s  (a )  1 ,  (b) 2 ,  (c )  3 ,  (d) 4 e l e c t r o n s  t o  c o m p le te  
i t s  o r b i t .
To h e l p  r e d u c e  l o s s  by f i r e  you s h o u ld  do a l l  o f  t h e  
f o l l o w i n g  e x c e p t  (a )  h a n d le  f i r e  c a r e f u l l y ,  (b) remove a l l  f i r e  
h a z a r d s ,  ( c )  s t o r e  o i l y  r a g s  i n  th e  c l o s e t ,  (d) know w hat t o  do 
i n  c a s e  a f i r e  a c t u a l l y  b r e a k s  o u t .
Why i s  th e  b i n a r y  sy s te m  o f  num bers s u i t a b l e  f o r  u s e  
i n  e l e c t r o n i c  co m p u te rs?
How many KM i s  i t  from P h i l a d e l p h i a  t o  t h e  N o r th  P o le ?  
P h i l a d e l p h i a  i s  l o c a t e d  40 d e g r e e s  n o r t h  l a t i t u d e .
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Mars h a s  an  e q u a t o r i a l  r a d i u s  o f  3 ,3 6 0  k i l o m e t e r s .
What I s  t h e  d i s t a n c e  o f  one  d e g r e e  a t  t h e  e q u a t o r  o f  Mars?
How much w ork  i s  done i n  l i f t i n g  a f i v e  pound g as  
t a n k  f o u r  f e e t  o f f  t h e  g round?  (a )  no w ork i s  d o n e ,  (b) 25 
f t .  l b s . ,  ( c )  15 f t .  l b s . ,  (d) 20 f t .  l b s . ,  (e )  27 f t .  l b s .
ANALYSIS
Why i s n ' t  P o l a r i s  a v a l u a b l e  a i d  t o  w o r ld w id e  n a v i g a t i o n ?
The f o u r  d ia g ra m s  above  i l l u s t r a t e  t h e  w e a th e r in g  p r o c e s s .  
Which d ia g ra m  o r  d ia g ra m s  i l l u s t r a t e  m a in ly  p h y s i c a l  w e a th e r in g ?
How i s  t h e  l o u d n e s s  o f  a sound r e l a t e d  t o  t h e  i n v e r s e  
s q u a re d  law?
The m os t im p o r t a n t  f a c t o r  e f f e c t i n g  t h e  c a r r y i n g  c a p a c i t y  
o f  a s t r e a m  i s  t h e  volum e o f  w a t e r .  ( T r u e - F a l s e ) .
The e a r t h  i s  l i k e  a m e r ry -g o - ro u n d  b e c a u s e  (a )  i t  r o t a t e s  
on i t s  a x i s ,  (b) t h e  moon r e v o l v e s  a ro u n d  i t ,  (c )  i t  r e v o lv e s  
a ro u n d  t h e  s u n ,  (d) i t  i s  r o u n d .
Which one  o f  t h e  n e x t  two s t a t e m e n t s  comes c l o s e r  t o  
b e i n g  a h y p o t h e s i s ?  (a )  The t i r e s  on t h i s  s t i n g  r a y  b i c y c l e  
w ea r  o u t  f a s t e r  b e c a u s e  t h e  w h e e ls  a r e  s m a l l ,  (b) s m a l l  t i r e s  
w e a r  o u t  f a s t e r  t h a n  l a r g e  t i r e s .  G ive  r e a s o n s  f o r  y o u r  a n sw e r .
Why i s  i t  u n l i k e l y  t h a t  t h e  e a r t h ' s  k in d  o f  l i f e  e x i s t s  
on any  o f  t h e  o t h e r  p l a n e t s ?
G ive  some e v id e n c e  t h a t  m ig h t  i n d i c a t e  t h a t  s e d im e n ta ry  
ro c k s  i n  m o u n ta in s  w e re  o n ce  p a r t  o f  a g e o s y n c l i n e .
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SYNTHESIS
R e - d e f ln e  y o u r  n o t i o n  o f  an  en e rg y  sy s te m  th e n  r e l a t e  





Guy Von Schilling was born in New Orleans, Louisiana 
on May 27, 1936. He received his elementary and secondary 
education in the public schools of Washington Parish. He 
graduated from Thomas High School, Franklinton, Louisiana in 
the spring of 1954.
In the summer of 1954, he enrolled at Louisiana State 
University in Baton Rouge, Louisiana. Upon the completion of 
student teaching in general science at the University 
Laboratory School, he received a Bachelor of Science Degree 
in Education from Louisiana State University in May, 1957.
The writer joined the faculty of Westdale Junior High 
School, Baton Rouge, Louisiana, in September, 1957, There he 
taught Biological Sciences for one year. The following year, 
1958, he moved to Bogalusa, Louisiana, where he was employed 
to teach Life Sciences at Bogalusa Junior High School where 
he served as chairman of the science department for four years. 
He remained in that position until the summer of 1968. He was 
selected as Bogalusa's Outstanding Young Teacher for 1965.
During his tenure in Bogalusa, Louisiana, he served in 
the Louisiana Army National Guard and the United States Army 
Reserve. In 1964, he attended the Louisiana National Guard 
Officers School at Camp Bureaguard, Pineville, Louisiana. Upon 
graduation he received the Adjutant Generals' Sword as the
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O u ts t a n d i n g  G r a d u a te ,  t h e  E r i c k s o n  S i l v e r  Trophy  f o r  L e a d e r s h i p ,  
and th e  S c h o l a s t i c  Trophy  f o r  t h e  h i g h e s t  g r a d e  a v e r a g e  i n  t h e  
g r a d u a t i n g  c l a s s .  The w r i t e r  a t t e n d e d  th e  N a t i o n a l  S c ie n c e  
F o u n d a t i o n 's  E a r t h  S c ie n c e  I n s t i t u t e  a t  K ansas  S t a t e  U n i v e r s i t y  
i n  1967 . He a l s o  s e r v e d  a s  A c t i v i t i e s  D i r e c t o r  and  Camp 
D i r e c t o r  a t  t h e  B o g a lu sa  Y.M.C.A. f o r  a number o f  y e a r s .
I n  J u n e ,  1968 , he  e n r o l l e d  a s  a g r a d u a t e  s t u d e n t  a t
L o u i s i a n a  S t a t e  U n i v e r s i t y .  He r e c e i v e d  a M a s te r  o f  E d u c a t io n  
D egree  i n  E d u c a t io n a l  S u p e r v i s i o n  from t h a t  i n s t i t u t i o n  i n  
A u g u s t ,  1969. I n  1969 , he  was aw arded  a g r a d u a t e  a s s i s t a n t s h i p  
i n  t h e  E d u c a t i o n a l  M edia D e p a r tm e n t ,  C o l l e g e  o f  E d u c a t io n ,  
L o u i s i a n a  S t a t e  U n i v e r s i t y .  He a l s o  s e r v e d  a s  a n  i n s t r u c t o r  
i n  t h a t  d e p a r t m e n t ,  a p o s i t i o n  he  now h o l d s .
I n  S e p te m b e r ,  1958, he  m a r r i e d  t h e  fo rm e r  G lenda N e l l
B ra n c h ,  and  th e y  a r e  t h e  p a r e n t s  o f  two c h i l d r e n ,  R a n d a l l  
T y rone  and  Amy L o r r a i n e .
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